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ni^]AT AND KUDLS 


IN'l’KODrc'i'iON. 

('IIAI’TKR I. 

GENERAL REMARKS. 

If wf tRjnside'r t!u* iitiiiu^nsc* Ftn<l(*s that trc'haical sricain* 
itUMla ia the* sfcoihI luiir of tin* nin(‘t(‘t*nth (-(‘ntury: if \v«‘ 
ol>^5orvo lanv |>roH|H*nty U incT(‘u.sin|.(, (\^ju‘cially in tlu* ctnintrit'i^ 
prominiait in on|.?:iutH‘rin'j:; and how, an a natural wHuanuHn tha 
Htanding and inlhaairc* of angin(H*rH an» constantly growing iii 
ihi'st* i‘ounirit\s, w(* am forcc(t to ask hy what means all this inis 
nnnv to (lass -in other wortls, to wliat einaanstanec^s an^ we 
indehietl fc^r this nnnarkat)h» progrc»ss? 

A close study of tln‘ d(»v«‘lojunent of tei^linieal s(*ienc*e shows 
ita ekise eomus’toni with tlte natural dc‘Vc‘lopmc‘nt cif mankind. 

At fimt, man Ina! no oilier rc\soum* in liis struggle with wild 
aiiitnais and nitiiiral foretss than himsi^lf, tlnit is, the organs given 
litiii hy niitiire. Nc*e<wity taught him how to protis*t hims(*If 
from eokl l»y means of c’lothes, to se<*k pndts’tiiin from expo- 
sure to file Wi*ather, and knl him to huild chvc‘!Tmgs. Nature 
gave him a rave for his first home, hut he soon IcnirntHl to 
eoiisfritet iirtifif'ial sh<*H(»r-H. 

Ill his struggles with wild animals lie tried to ineimse liis 
effiineiiey, Inir this purpose* la* first tric'd to l(*ngthc*n lib reach 
with 11 stick, I 1 a*n he fotual that- a tlirowii stoiu* was able to 
fiet far tayvoiid the immc*diati* range of his a.nm 

lit* soon found that then* wen* t*xpt*dit*iits for using the 
Htrengtli of his miiselt*H to greater advantiigt*, and he iK^gan h» 
tlevise primitive iiitiln in the widt*Ht st^nse of tlic* word, l!is 
pnihleiii now was to Helef*t the material most iidiiph^d to his 
{iiifjiwes from tJie mineral, ve]Lp*tahle and iiniiiial kiiigdoiiiH; 
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i,lu^ inatorial suitable' for his tools and ini|»l(‘riu*nts e*oul<l not. 
always lu' found iioar at harub inau hatl ti) .lA’ut. it by bart.ea', 
aiiel wo ha,V(' tlu' Ix'g'inniuL!: of ooinnu'nH' and traflit*. 

It was a grcait advaiu'e' in the* [)roj;T<‘ss of c*i\*ilizati(»n when 
man loariu'd to iis(' firc'; this disoove'ry is of sjux'ial inte'r- 
('st to us as (‘h('mi(‘al industry d<‘po!ids on it. In c*los(' 
conncM'tion an' tlu' nuinufaciun' of bunuHl (*lay“V(\ssols (tlu' 
bo|>;innin][»: of (*('ra,mi<*s) and tlit' prodiu'tion of nu'tals, both of 
whic'h an^ of the* |i:r('at(*st irnportama* in tlu' d('V(‘lo[)ni(‘nt. of 
(‘ivilization, as tlu'v furnish matc'riuls that an' osptxaally suite'd 
for tlu'. inanufac'tun' of iinpli'UH'nts and arms of various kinds. 
Ilorowith an^ comu'oU'd otlu'r improvc'uu'nts, sucli as the pr('|H 
aration of food !)y boiling, broiling, roasting and baking, the* 
preparation of aI(*oholi(‘ b('V(*rag(‘s, the use of h'rmc'ntation in 
t)aking bread, dyi'ing, tanning, vU\ 

At iirst man live'd alone or l)and('d in sitiall familic'S. 
With iiK'reasing civilization, especially aftt'r tlu^ Iw'ginning of 
agricniltun^ and cattk'-bnx'ding, whi(*h ('nabk'd a mntiber of 
peoples to live' toge'tlu'r by insuring the* i|(‘cc‘ssiti('s e^f FdV, (‘Ians 
were^ fe)rm('d by tiu' uniem of faniilit's, and t he'rc'from, grad- 
ually, tlu' nations. Thus divisien of labor was itiaele' possi™- 
bl(^• the' individual me'uibe'rs of sue^h families or clans we*re 
cnal)I('d to dc'Vote' tlu'ir time* to the* solution e)f e’crtain tasks, 
acetordiiig to the'ir indivielual skill aial imTmation. (Jradua! 
eve)lution along the'se* line's, in the* course’ e^f thousamls cjf velars, 
re'sulU'd in the* diflVre'utiation of skilleel labeer into distinct trade’s 
and pre>f('ssions, and on this fcaintlntieai mexlc’rn e'Uginee'ring anel 
the' mode'rn inelustrial syste'm d<*ve*lopeeL 

In tlu^ Middle* Age's the* skillcMl artisans wen* working by rule* 
<jf tluneib, a.nd fre'ejiu'ritly ke’pt th(*ir itH'thoelsof weirking sc'cre't. 
At that time* ihe*n* was no e‘nginc‘enng scie'nea* in e*xist<*nee in 
the^ moek'rn sense of tills woreb This is but naiurab siiicH' the 
|)re)(*e*ss of imsoning was liamp(*red by insuf!icic*nt and e'onHieting 
elata; anel was, more‘eive*r, (*nUre'ly ciinVre»ni from tair mode'rn 
way of thinking, the base* of whicli is natural scif'iice. This.' 
interfere*d with tlu* pnign‘ss of tlu* traelc's aiui the* ek'vc'ioiuiu'ut 
e)f progre'ssive* me*thods. Tlu* pc*ri<Hl e)f lie'iiaissancc* only brought : 
a e'hange* liy guiding us back to tlu* obs(*rviitjon of nat.nn*. 

This change*, naturally, <»ouId take* pliwu* only slenviy and ^ 
graelually, as there is no mon* diflicult task for a iiian, not 
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a(*(‘ust()in('.(l to it from his youth, than to observe and tliink 
aecuirately ; on the other hand, the scientists formed at that time 
an entirely se|)arate class, just as did the trades and profes- 
sions, and a long time was required before the gap between the 
two was bridged over, so that science and the trades could work 
together. 

At first the sciences had to be developed, before being 
utilized in the trades; but soon — at least in some directions — 
mutual relations presented themselves, which decreased the 
gap, at the same time advancing both science and the trades. 
Thus tlie invention of the printing press made it possible to 
c-ommunicate one’s thought or word easily to all the world, while 
the invention of the steamboat and railroad brought people 
in different countries directly together. Commerce became a 
world power and opened new markets. Competition started 
and with it (‘.ame the necessity of making improvements. 

In this way in the course of the nineteenth century modern 
engineering and the technical sciences originated, which now 
r('|)rescnt one of the most influential factors in modern civiliza- 
tion. Hut this enormous progress was directly based upon the 
conxKjt practical application of the natural sciences. 

Whereas formerly science was the foundation on wliich modern 
engineering developed, the reverse is now often the case. Every 
new scientific^ invention is still carefully followed up by the 
(mgiiKHvr and utilized for practical purposes, even more than ever 
before^ Hut it often now happens that the engineer promotes 
s(‘.ien(‘e by making a scientific researcih in order to solve a 
tecdmical i)roblem. 

This indicate what must be demanded now of a good 
engineer. 

1I(^ must have a thorough scientific education and must be 
ablc^ to work scientific^ally in unexplored fields; he must gain 
practicud (‘X|)eri(mcc, whick necessitates higlily developed powers 
of ()l)s(uvati()n, and he must have the faculty of utilizing the 
results of science in i)ractice. For this purpose he must be able 
to think logi(‘-ally, scientifically and technically, for these two 
reciuircancmts are by no means identical 

We liave mm above how the trades were gradually trans- 
formed to modern industries. Like all great changes, this 
transformation involved serious complications; the conflict 
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{‘U-pilal and labor ori^inat(‘<l capitalism and socialism. 
B(d.vv(M‘n capital, that. nuik(‘s th(‘ (*rc‘ation of larg(‘ indust ric's 
possible', and labor, whi(‘h first of all rc'prc'se'iits the' produ(*ing 
pownr in the' indiistrie's, stands the' e'U^ine'e'r, the' nu'iital Ic'aele'r, 
His is tlie' tn.sk not only to kt'e'p up ordt'r aiul discipline' in the' 
('nte*rpris(', 1 Hit also to actus me'eliateir be'twe'e'U those' two eipposite* 
partie's. This is not e'asy, nor plt'anant, but it is a veay important 
duty. Its fulfillnu'nt re'eiuire's e'lu'rgy tenvard lioth side's, and 
semu'tinu's e've'u appare'nt harsluu'ss; Init alsei a geuul lu'art anel 
the' (‘arne'st eh'sire'. te> finel out the^ e'ause's tliat are' a,t the' bott.om 
of the' e'uele'aveirs on beith siele's. 

Kve'iy weirke'r, inclueling the' e'uix'uHM'r, who works with his 
inte'lle'ct, is riglit in asking feir ivaseinablc' wage's^ anel it is pc'r* 
fe'ed.ly right anel preijn'r that the^ e'apitalist, wlio le'uels liis inoiiey 
to the', ('iite'rprise', shenilel expe'e't a preifit eait of it. This is the', 
main e*aus(^ of the' cemflict. The' industrial e'nte'r) irises as suc'li 
must alse) ('arn seane'tliing. ft is ne'cc'ssary to put asieh^ capital 
fell* prote'e'tiein against, imforcsee'n ('ve'nts and against me'uacing 
e'om|)e'titie)n, for making c'nlarge'me'uts, e'tc. Kve'ry industry 
must, tlu're'lore', e'ueh'aveir to make' a preifit. If the manage'me'ut 
of an e'ute'rprise' is to mmain in the' hanels of the' e'ugine'e'r lu' has, 
the're'feire^, to be' familiar with e*emime'rcial <(ue‘stiems anel e'e'onomic' 
preibh'ms. 

Like', all otlu'rs the* clu'mie'ul industry ni'e'ds builelings, appa- 
ratus, machine's, anel me'ans eif transportatiem, and the* che'mie'nl 
emgine'c'r sheiulel kne)W seancthing nlout the'se* nu*(*hani(*al appli • 
aiK'e's, neit only in the* intc're'st eif the* industry, Init also to insure' 
him liis pe)sition, as othe'rwisc the* laisiue'ss manage'me'nt will he* 
givc'u into tlu^ liands of a busin(*ss man, and the* te'c'hnic'al man- 
age'ment into the luuuls of othe*r (non-clu'mie'all (*ngine*<‘rs. 
This will b(^ {*spe*cially the' e'ase* in plae't's where* labor is Hc*arc*e* 
and wage's higli, as it tlu'n be'cmnc's nc'e*c*ssary to rceluc'e* ihe* 
ope'rating e'XiK'use's liy the' installation eef me'e'hanical appliance's, 

Attc'ntion has to be* paiel also to the' wolfare' of the working- 
man l)y tlu*. preivision of baths, hospitals, sc*hools, c'tc., which 
also re'e|uire*s spc'enal knowle*e!ge\ 

Finally th.c* c'ngint'e'r must liavt' a very im{>ortant faculty, 
that is, to ke'e'p cool in dangt'r. This faculty has its own ('om- 
mcre'ial value', siiu'c on it human live's ofti'u elepeiitl. Ht'liited 
tlu'rcwitli is courage, whie*h iu moments of danger eniildes a 
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mail to be eautious and (|uiek, to consider all possibilities, and 
to a(*-t for tlie greatest good. 

Much is, therefore, expected of an engineer, and the question 
is, how shall the chemical engineer acquire all these qualities 
and this knowledge? 

Coolness and courage are traits of character that each must 
ac(iuire for himself; hence we cannot consider them here. Nor 
(*.an practical experience be taught in a school, by a teacher or 
t(‘xt”book, since practical experience is not the knowledge of 
such facts as are stated in technical text-books, but rather the 
fa(‘ulty of making proper use of such facts in practice. This 
faculty is best acquired in practice if the eyes are kept open. 
InstriK^tion, however, can help a man to educate himself in 
corr(u*-t tecdmical thinking, as we will proceed to show. 

It is the task of the scliool to give to its students a thorough 
scientific education, ix., to give them, as far as possible, a 
tliorough theoretical foundation. The school must encourage 
original research and independent scientific reasoning; it must 
iiuu'ease the powers of observation and judgment, and must 
show by concrete examples how scientific results are used in 
practice. 

lint this is not so easy a task as appears at first sight. First 
of all the data available for lectures on chemical engineering are 
so limited that it is absolutely impossible to discuss and treat in 
detail all the branches of the industry. Only such branches of 
(‘iKunical engineering can be treated in detail as are either of 
grc'at industrial importance (like fuels, combustion, the industry 
of heavy cliemicals, iron and steel metallurgy, etc.) or those 
branches which seem especially adapted to develop in an engineer 
tlic faculties sketched above. Special stress is to be laid on the 
discussion of the theoreticial basis of the various processes, and 
the discussion of apparatus is to be limited to the most important 
types. It may fre(|uently happen that such typical examples 
are not taken from latest pracitice, but from older methods of 
ojieration, if the latter show the fundamental process with 
greater (dearness. 

While this principle also holds good for the writing of a text- 
book on chemical engineering, we are permitted to cover a wider 
field; for limitation in the selection of the various industries is 
not as essential as in lectures. However, even a text-book, the 
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()bj(M‘t of whi(‘h is first, of all to suppltaiuait l(*i*tiirt*s, should not 
be too volmninous. 

('!oin|)a,r(Ml to a book tlu‘ p(*rsonal Itaiun* has a advauta.^<u 
in t.ha.t, fh(' tcaiclua* ran ol)st‘rv(‘ fnan tlu‘ at tontiviuiess of his 
students wluhher lu^ is und(u*stood; and if not he ean ('Xplain 
his subjc'et. inon' in (hdail. A tc'Xt-book earn thc‘refor‘cu nevti* 
(uit.in'ly i’(‘pla.(‘e tlie hadui'cn but may 1 h‘ vruy useful iir supple*™ 
numtiniJi: it- 

lIo\V(*V(‘r, n(nth(‘r l(*etun' nor t(‘xt-book ahinc* ean acaarmplish 
tlu* Sana* ('uds as univ<*rsity or eoll(*^<* instruetion, sima^ the* latt<*r 
has two additional aids in (excursions and laberratory work* 
The* latt(*r she)ulel not be* rnnite*d to analyti(*a! work: cai tlie con- 
trary the stuele'iit ou|>:ht to be* a gooel analyst wlie*n he^ starts to 
werrk in tlu* (‘heinieal (*ngine‘(*ring lalH)ratory. Naturally he* has 
to do analytical work also in this period^ but this should not Ik* 
his pnn(‘ipal work* Jn this stage synthe*tic‘ work sliould be* kept 
in tlu^ f()r(*grounel, with solutions of problcnns such as may 
a(‘tually oc‘cur in j)rae*ticc; it is ev(*n advisable* that tlu* stude*nts 
le*arn to ele*sign plants and to mak(* critical re‘ports on de‘signs 
which have* be'(*n worke‘d out. 

dliis go(*s far be*yond tiie orelinary limits of eht*mie‘al e*ngine*(*r- 
ing instru(‘tie)n anel incr(*as(‘s tlu* work of the* t<*ache*r; but, it. 
brings valuables r(‘sults. This kind of instinu*tion» howe*ve*i\ is 
V(*ry elitlicult in the ordinary laboratone*s and ne*c(*ssitate*s tlu* 
installatiern of sp(*cial t(‘chn()logical se*lujols, Tlu*ir (‘re'ctiem 
woulel simultaneerusly anu'iul another e!e*fe*(*t of pn*s(‘nt nu'tluHis 
of instruction. As above* m(*ntion(*eb instrue*tion as giv(*ti tiow 
(anne)t but be eneyclop(*dieal and is V(*ry far from binng a 
thorough technie‘al (‘elueatiem. This, howe*v{*r, (*an be n*metlic*«l 
by giving the* stude'nts in spe*eial schools an opportunity to 
aceiuaint Uu‘mse*lv(*s more* in el(*tail with a limiteel fk*ld of clu*mical 
cnginc*ering aecoreling to tlu‘ir choiea* without changing the 
l)re*s(*nt encycle)|H*di(* instnu*tie)n in the whok* (*ngitie(*ring field. 

hJxcursionH are* also an important me*ans of iiiHtrucdion, as 
tlie student has a charicc* to sea* a(*tu.al indirstriiil works, and to 
obH(*rvc'^ op(*rationH carri(*el out on a large* scale*. Jf ilu*y are* to 
he iiselul anel pr()fital)l(*, a numlK'‘r of conditions should Ik* 
fulfill(*(L TIu^ numlK*r of the participants should lud^ Ik* too 
gre^at; if tlu^ munbe*r cd the stuelents is ve*ry large* they must Ik* 
dividcul into sev(‘ra.l parties. At first only shc,^rt exciii>iions 
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should 1)0 made to sl/iinulate the faculty of observation of the 
stiukuits. All excursion must not bo made before the processes 
used in the works to ho visited liave been discussed in the lectures. 
Interest in (‘X(uirsions and resorption of the things observed 
ar(^ iruvrcxiscHl hy (exercises in designing^ and by working out 
|)roj(xdiS, as we liave already mentioned. It would also be 
advantageous if a professor of mechanical engineering would 
particiiiate in these visits. Such excursions should be aided and 
facilitated by the government, railroads and manufacturers. It 
hardly naiuii-c^s mentioning that a well arranged museum or 
collecd-ion of things of te(*Imical interest is also of great assistance 
in instnudion. 

If w(^ now turn to our subject proper — chemical technology — 
we find it difficult to define cxactty the word “technology.” 

The name', of our science, lihu'ally translated, means “disci- 
plinc of the arts ” ('rixvrj, X6yo<s), So we might conclude to 
(Udine as tcndmology the mechanics of all possible arts, from all 
the fine arts to the handicrafts. This, however, is not the case, 
as neither tlie fine arts and handicrafts nor agriculture and 
mining belong to the splierc of technology. 

On the otlun* hand, in various trades, which are not included 
in engineering science, the same ap{)liances and methods are 
used as in engiiuxu-ing. 

The problem bec.omes even more complicated if we keep in 
mind tliat in IxudnfKxil pro(x\ss(\s not only substances are trans- 
formed but also (uiergies so as to assume a more useful and more 
c,onv(mi(mt form. 

W(^ could, th(U’(dor(‘, dedine tecdmology as the science of the 
methods by which materials and forms of cnerg}' as we find them 
arc^ iransformcid so as to bcHuime more useful and valuable. 


To what ('xtcait thc'. value of a substan(‘,e is increased by the 
work of the engiruMyr is shown by the following example, taken 
from a papen- of the*- h]nglish ironmaster, Lowthian Bell: 


ScaltJ of Iron. 

' ' 

Price, per Kk. 

Scale of Iron. 

l^ice per 
Kg. 

Pig iron 

0.01 

0.014 

0,02 

0.02--0.025 

0.3 

Needles from same 

Fine wire 

1.3 

1.4 
1.68 
3.00 

2000.00 





Bessonier Btoel 

Bessemer steel wire 

Fine needles from same . 
Chronometer springs .... 
Finest watch-springs — 
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'rh(‘ (raiisfurnmlion oi' suljstaiicc^ and nfaa-irirN always n*t|uin‘s 
a^ rnrtain anaand of wnrk and always iinnlvns thn practiral loss 
of a fraction of tlu‘ suhstaina* or taioruy. 

d'o carry tnii i!u‘ dt‘sirt‘d tran>ft»rniat ion, it is necessary t«) 
install a pla.ni with huiltlin^s and pn^per apprnuic(*s, such ns 
nnichiiu's, furnact's, (d(‘. d'hc runnini!: lopcratin^yi c\pcnst*s arc 
caJcailatcd as folknvs: 

{(t) First (‘ost of plant tto lx* »lcprcciatcd). 

[h) 'Tlu‘ opta'ating cxptaiscs proper iwa^cs^ (»ost* <jf raw 
inntcaials, 1rnnsportati<nn tax<*s. <*tc.). 

(r) Hcs('rvcs for propxdioii ai!:ainst all tancri 7 cnf*ics. 

On the* oih(‘r hand, tin* unav(»idahlc loss of fnatcrial am! ciiciyry 
in f'vcry ])nH*(*ss tmmns a loss of capita! and an incrcas** of tin* 
op{‘ratin|i; (*xp('nscs. 

For (‘fleeting the* gr(*at(‘st possibh* ecanioniy all th(‘Si‘ (‘Xjaaisc^s 
and loss(‘s havi‘ to 1 h‘ r(‘dtic(‘tl to n inininmni. 

d1u‘ rtHlut‘ti(»n of tin* first cost and opt*rntingt*xpens(‘>MlejH‘ncls, 
first of allt on flu* irndhenls ust‘d; and, giauu’atly spiaiking* tlu‘ 
in(‘thod of op(‘ration will he* tin* nton* m‘onornif‘al 
L ''riu* lower iht* first ctest (enpital invesfedh 
2. IIh* (‘ia'iiper tlu‘ labor and tin* raw iiiHtiniiil usniL 
ll ([uicktu* tlH‘ workiitg (which means {*an*ful planning). 
*1. Tht^ more* (aaivcahcait the* loentifUi (with resp(H*i to labor 
mark(‘t and shipping fnciliti(*s). 

5, "riu* smalle'r ila* loss <jf raw material iiiitl energy. In 
tins r(‘sp(‘et a nudhtHl can 1 h* madt* poditiibk* in many (’uses by 
utili/ang again tia* losse.s (at l(*ast paiilyi either by using thern 
again in the sium* proc‘ess or by (‘oiiverting into markidalile 
by»im(,HhietH. 

ih Till* quality and the si^Hing jiriee of Iht* finiHliiHl |irotliiet 
arc* naturally also of thc^ gr(‘ati'Hi iiuporliyiee. 

Tlie ol)jeci (jf a pro(*ess eati 1m* of two clitTereiii kinds: 

Thc! oliject may 1m*, for instama*, a cdiiiiige of foriti (disinte- 
gration, aggie ane ration into Iarg(»r ptta’es, c»iiiitige of »!iii|«d or ii 
m(*charii(*al separation intc» prcKltKia of difTereiii viiliies. In the 
casci of energic*H tla* olqc*et may la* to t-ransforiti itiiari into iisi*- 
ful forms. This is itie case in utilkiiig the energy of a water* 
fall or (jf the wind by rntams c»f wiiter-wlieels and wind-mills; 
or in the cdmiip of certain foniis of energies into otlieWi m in 
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electric generators. The science that treats on these subjects 
is mechanical engineering. 

Secondly, the object may be to transform raw materials by 
chemical changes into substances of a different chemical com- 
position, or to transform chemical energy into other forms of 
energy (mocihanical energy, heat, light and electricity). All 
such processes are in the sphere of chemical engineering. 

poth branches of technology, however, are so closely related 
that it is imi)ossiblc to draw a sharp line between the two. 
Tlie manufacture of ])aper, for instance, and iron-foundry work 
is freciuently treated in text-books of both mechanical and 
chemical engineering, while the imrification of sulphur occurring 
in nature and of the native metals is often described only in 
(diemical works, notwithstanding the fact that only mechanical 
and physical processes are involved. 

The chemical engineer has to use frequently, besides chemical, 
also mechanical means, and in many cases he has to be well 
informe<l as to water-wheels, steam-engines, blowers, pumps, etc. 
M(!chani(!al and chemical changes are often so closely combined 
(as in annealing sheet metals, welding of iron, hardening of steel, 
(‘,tc.), that a correct idea of the respective processes can only be 
formed from a chemical-mechanical point of view. 

According to these explanations chemical technology can be 
divided into two main groups: 

1. Chemical technology of the energies. 

2. Chemical technology of materials. 

This book will treat of the first. 

In the cliemical technology of materials use must be made of 
energy for forming the dasired products, while in the chemical 
technology of energies materials must be employed as carriers of 
cluanical energy. No strict division can therefore be made 
between these groups, but it presents many advantages for 
instruction. 

We therefore comprise under “chemical technology of the ' 
energes” the science of the change of chemical into other forms 
of encr©^ and will consider the transformation of chemical energy 
into 

(a) Heat (by combustion, generated or consumed by other 
chemical processes; firing and refrigeration). 
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ih) M(‘(*haiii(*al (‘U(‘r^i:y {(‘xplo.-i vcs and int(‘rnal cdinhusti 
(Migiuc's), 

(r) Radiant energy (mainly light, /.e., cluiiiieal illuminatit 
t-nuisformation into luMit-rays is eonsidt'nMl uiulor n|. 

(d) Ml(H*tri(‘ity (galvaifn* etdls and storage l>at(eni*s), 

Rs|)(a‘ially in tlu^ (ais(^ of produetion (d heat fnan fui‘h an«l 
tlu^ (‘as(‘ of explosives iind illuminants, it is hardly possible* 
s(*paratv (‘luMnicail tvehm)logy of <‘n(*rgi(‘s fmm tlu‘ inatenij 
that furnish tin* eh(*mi<ail (*ii(*rgy t<t !m^ transfoniuMl, so t!i 
W(* will find it n(*e(*ssary tt) eonsidcT also the* tc‘ehntdogy of ilH> 
materials. 


CHAPTER II. 


FORMS OF ENERGY. 

ENioitoY is the power to do work, if we call work a change 
of state in general. 

The p('rforinance of all our industrial operations requires a 
(!onsid(u-abl(! amount of energy, for instance, mechanical energy 
in the working of metals, disintegrating of phosphates, cements, 
and other raw materials for conveying and transporting 
materials; heat energy for melting metals and burning of lime, 
couKiut and ceramic products; electric energy for illuminating, 
refining of (>.oppcr, i)roduction of aluminum and chlorine; light 
Cinergy for illuminating and photography; chemical energy in 
the production of chemical compounds, as chlorate of potash, 
explosives, etc. 

bkuirgy cannot be made from nothing, but has to be procured 
from the natural reservoirs of energy in which it is accumu- 
lated. We arc;, however, enabled to draw from the accumu- 
latcid energies of nature, and by means of certain macliines to 
transform them into other forms of energy, but without increas- 
ing the total amount. This is, for instance, done in steam 
engines, ek'.ctric! gxinerators and batteries, etc. 

Of the natural reservoirs of energy, the following are of 
industrial importance : 

1. live motom (man, horse, etc.). 

2. Falling water (waterfalls, creeks, rivers). 

3. Moving air (wind motors and sailing vessels). 

4. Huhstances in which chemical energy is stored. The 
most important of these are the fuels. 

All these available sources of energy are actually' only inter- 
mediate reservoirs, their energy having been obtained from the 
stm in a more or less direct way. The sun is, therefore, the 
original source of all energy, of all heat, of all electric energy 
and of all chemical phenomena on the surface of the earth. 
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Th(‘ sun transmits to tin* \vat{‘rfalls hy hualin<i: anti 

evaporating st'awaltu'; transmits (‘mu*gy it* all plants hy dorom- 
posing the (airbon dioxith^ of tlu‘ air l)y mcams (?i its ra\'s, trans- 
forming the ])lants in th(‘ ground into fossil coal. 

It is evident that hy this transmission a Iargc‘ amount of solar 
(UKTgy is lost. \V(‘ hav(^ to mltl, for instanee, to tlu^ water for 
(n^aporation th(‘ total latent (evaporating h(*at, whieli is again 
lilx'rated hy tlui eoiahmsation to Tniuid watc'r and a Inrgi* part 
of the water (‘ondensed in tlu^ mountains eannot hi' uti!iz(*(h 
partly on a(a‘ount of pra(di(*al neasons, partly on a<a*ount of its 
scx'ping into the ground, and partly on nexx mat of tlu‘ ('Vaponn 
tion on its downward way; lh(‘r(‘fone tin* (*xp(‘rim«‘ntH for 
diieetly utilising tlue radiant caaergy of thc‘ sun d(‘Sia*vie <»ur 
most earn(‘st (‘onsideraticai. Pnx'isely spt‘iiking, henvever, all 
these losses are only losstss to tlu^ indusiriat waald and lud. 
to tlie eartlp as, for instance', l^y the* (Haideasatieai of wattn*- 
vapor, the air laytu's, in which this ph«‘nomc*non takt's pla(’t\ an* 
warmed up. 

Idle radiant emu'gy of tlu' sun is, then'hms the' emly source 
from which the (‘n(n*gy“{‘outt'nt of our (‘urtli can Ix' imai'asenl, 
and thc^ radiation of th<^ (*arth is the* only sounx* of (ua'rgy 
lossc's. 

Ik'fore going into th(i details (jf th(' clannie'al ttHlniokigy of 
(aawgic's it might he wc'll to say a h'W wonls nlHnii the* ditTt*r> 
(‘lit forms of energy. 

All ))ossihle changes occurring in a sysieiii (%an 1 m‘ rc'ft'rnxl 
to tlir(‘e fundamental (luantitii's: Tli(‘ mass (1/), th(‘ space, 
whidi (mn be cc)nc(‘iv(*d as t.h(‘ cuIh* of kmgth or distance {//K 
and the time (7’). All tlu'sc^ tdiangc's dui Ik* reductsl to cdmnges 
of (uiergies .and we can th(‘n‘fon‘ naiisure all forms of «aif*rgy 
hy using as units mass, distant'e and time. 

If we allow a system to go througli certain (diiuigc's without 
adding or deducting laic'rgy, so tluit it ndiirns again to the 
fi,rHt state, then the^ Hyntmi (‘ontains agaifi same form find 
th(^ same (luantity of (mergy as in tlie iM'gitming. Kiiergy 
cannot te lost or generatcxl, but only transformed into otliiT 
forms. 

Tlie mathematical e-xprcBBions for all fonns of ener^ can to 
divided into two factors, the capacity factor and tlie ' intensity 
factor. The former is mon* or km unclmngeablt, while cm tto 
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iat.tx'r (kipctuls tlie oquilibriunii. ]*](]iulibriuni between two 
<iua,ntitri('« of euerf^y is only attained when tin; intensities are 
('((ual. If w(i indieate the cuiergy, intensity factor and capacity 


fiU'tor with 1 and c, i 

[•e.spcctively, we have 

and ilK'rofon^. 

rj Lc, 

ilH ^ Ldc + edi; 

if c is (u)nstant w(‘. have 

dH 

1 77 " c ; 

' 

di 

if i is (constant wo have 

dE . 

■ 


dc 


This defines exacdly the nature of these energy factors. 

Idle following are the known forms of energy : 

1. Mechanical energy, 

2. Heat. 

3. hllectric; and magnetic energy. 

4. Chemical energy, 
f). Radiant energy. 

1. Mocliani(^al energy occum in the following forms: 

(a) Kinetic or actual energy. 

{h) Kru'rgy of space, which can be 

(1) Kncrgy of distaruan 

(2) Kncrgy of surfa(^(n 

(3) ICnergy of volume. 

(«) The mathematical expression for kinetic energy is 
K - i wv\ 

Ac(‘,ording to the way by which this expre^ssion is split into 
factors we get as cai)acity factor either m, whi(4i <iuantity is 
absolutely uru^hangeable, or mv, which is only relatively 
unchangeable, while as factor of intensity we obtain half the 

square of velocity or the velocity itself (v). 

The unit of kinetic energy is the Erg (E), which is the 
energy contained in the mass of a gram, when moving with a 
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V(‘IcH‘ity uf I t*c‘ntinu‘ti‘r jn‘r ‘Hk* diiiunisiuii of tli 

kiiH^tic <‘iHi'|L4y loxprossrd by .1/. /. nini 7’b is 

i/w.) \mi:t ■■•j. 

11u‘ <iior|.!:y of spact* ooours ia threat* diffonait fnnas in wliir! 
thr {’apneity fartor is ropr(*s<*ntr<l by disfaruaa surfart* and vu| 
unit' n'spof’tiv(‘ly. \\“(‘ hnv«‘ 

Form uf rru’iity. raparity. bituhMity. 

kkun’i!:}' <>r dislaiH'o di.staiH’o « fona* 

MiH‘r.i^y of snrfart' surfaao {anai) » tension 

Miaa'i^y of volnnu^ Vfiluna* * prrssuro. 

Th(‘ (aH*r|i:y <if dislania* a«*ts Iwiwcaai tuaa points in the* dircai 
tit)n of ihnir coniHa'tinjL^ lino. If wo iialitailc^ ilif* liaiKth fdi.i 
tanoo) with / aiul tho ft»rn* with / wo havo 

K If, and thcTofon* tho fona* 

, iiK 

<// 

is (H|ual to tin* rati<» of <’hnn|4o of oiMT^y to ahaiii^o t»f dislnnr 
(haiixth). If tlu‘ onor^y of distanot* is transforinod oxrtusivi*!; 
int(^ kinotia onorxv ins in tho ordinary iiiorhanioal ami astni 
nomiral ]>roblonis) this oijiuition o\pn*ssos tho acaa*loriition, rl 
and thon (*orrosponds to tht‘ ordinary didiiiition of forro. 

lla^ oncs'i^y of stufaca* is aoiivt^ on tho surfaoi* of liquitls am 
.solids. Its intonsily of faotor, tho tiiision, is idontioal with t!i 
oonstani u( oaijilhirity. 

Thv oneaxv of v<dinno appoars in gast*s. Its faotors iiro voliiiii 
and proHsuro. 

\W havo, !lHa‘(‘foro. th«‘ foIlowinjin*'^I'^rf‘SMioiis for llii* tlinioii 
sions (d‘ ihc' (iiorgit*s of spin’o and its faotors: 


rii|tiy*ity. Iiiiutisily. biiofiiy 

distfiiifn* {/,/) foroo \Kl, ^ K 

Hurfaoi* ii/} tonsion ■•■(^7. -| /s' 

vc^Iunu^ {7/‘‘) ja*i*ssfiri^ - [Kl, *j 


Wo kti(»w of two kinds of onorgy of «listaiioi% ono tif ivliioi’ 
(oiiUchI gravity) nots la^lwtaat two inaloriiil jioiiits so tlmt l-li 
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(MK^rgy in(*r(^ay(\s with the distance and reaches a luiriiinuni 
when the points are in direct contact. It is governed by 
N(‘wtoids law of gravitation. If we indicate the energy of dis- 
tan(‘e with E.u the two masses acting upon each other with m 
and m.,, their distance with r, we can express this law by the 
eciuation 


in whi(*h (\ and j., are (‘onstants. If r = oo and Ed = it 
r('a(‘h(\s a inaximuni. The differential of this ecj[uation gives 
us the ordinary form of this law: 

dE ^ . 7)1 jn., 

The (iiiantity is unknown; the second constant k'‘ is, 
expressed in the centimeter-gram-second system, 

i, = 6.0 X io-». 

On the surfacie of the earth the force of gravity can be con- 
sidered constant for moderate altitudes, and the energy of dis- 
tance is directly proportionate to the altitude. 

The second kind of distance energy occurs for instance in 
ehH'.trically charged balls, and is distinguished from the former 
l)y reaching its maximum value at infinitely small instead of 
infinit(!ly large distance between the bodies acting upon each 
other. Tor this energy we have 

Jil — iX’-—, and for the force 
“ r 

(IK . m^m, 

'dr ^ ' 

This force has thensfore the same formula as in the first case, 
hut is negative. While the gravity is an attracting force, this 
force is repulsive. 

We have seen above that two masses acting upon each other, 
under the influence of gravity, tend to approach each other; 
whereby the distance energy is decreased, being partly trans- 
formed into kinetic energy. 



HEAT E.\ ElJtt) A\l> I I I'l -'' 


Tiic (locrcaso of distauoo oiiorgy. <-orrrsinmtiii^: t<i a 
in I of (il- is 


<ll\i A. 

If wo Hupiatao' 

v«j = M mass of the oarth utal w, m of a falliipc 

body, r li tlu‘ radius of the oartlt and dr ilh is an iiicn-- 
inent of Ui(‘ fall-<listano('. corrosiHindinf;; to an itditiitoly small 
(diango of distama' (morgy, wo havo 

M ... 

y, m (ill, an (‘Xpn'ssioii wiuaiiit /. J tiimviiy), 

Ih " ^ 

Thenc(^ we (*.an writer 

dli, fdh. 

AvS the lost, distanee c‘iH‘rgy is c»oii»jili*tidy inuiMfuriiit**! iiitn 
kinetic energy of tlu' (Hiuation dKt, dt w«^ ran iiiiiki* liulli 
expr(\ssions e(iual : 

/ dh mvdi\ 

By int(‘grati()U lHdw(‘en o and h aial a aial r rrsjirriivriy v^v 
obtain 

f I dh ifi / r i/r nr 


fh =■- , as th(‘ fiindaJiKailal law for iho fiinlunl Imiisfnnua- 

tion of kinetic and distance* c*n(*rgy. 

If wo put into /dh ■■■ /acf/r fcir the iirrrlemthai itii* Viiliir 

V - , wn gnt (lalileo s law of fall: 

(IC 

J'dl III iii\ or 

± / . 

lit III ' 


Equilibrium lKitw«‘eii kiiu'tic e'lU’rjjy aial disttiuor* onorgy oan 
only exist if the two massj«, acting utani <‘jich otlw*r, arc naiving 
around their common center of gravity. 

Analogous to the. two kinds of distance energy we can 
imagine two kinds of surface energy; hmv«*vcr, we know only 
one of them, i.e., the ono that U'tuis to iletwase the surface. 
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'i’h(' cHUse of tluK Ih calkHl toiiKion (-y). er hoiiig tlu; surfact', \v(' 
have 

(iK 

d<r 

which (|uantity is idcnUcal with the capillary constant. The 
surface tension is, down to v('ry thin layers, ind('p('ud(‘nt of the 
thickness of sanu', is proportional to th(^ surface', and is depeMid- 
(■nt on th(^ t<('inp<‘rat.ure and on the' nature of the* substance's 
sejiarate'el liy the' surfeu'e'. 

A peieniliar j)re)pe'rty e)f the surfae'e euie'i'fijy is that changes in 
its valuer are ae'e^eempanie'e! by cluinge's e)f heat e'nergy. If, fe)r 
instane',0, a se)ap bubble is incre'ase'el by ble>wing, tlie surface 
energy inerewes nu)re than weuilel eorre^speuul te) the^ niechanie'al 
energy uscel in hleewing, f.lie he'at e'e)nte'nt ek'cre'ase's l)y a e'etr- 
reHpe)neling aine)unt, or, if the teanpe'mture^ is ke'j)t e'e)nstant, the 
reeiuisite he'at lias tei be aelelesl freiin the eaitsiele?. During the 
eeintraetiein eif the bublile the entires ameiunt of the elisap- 
Iiearing surface energy canneit be transfeiriiu'd into inee'hanical 
energy, sine'e as rmuih he'at energy is again preieluesed as was 
tranfonneel intei surfae'e energy eluring the first preieie'ss. 

Phenomena of oeiuilibrium bestwe'en surfaces energy anel esnergy 
of gravitation oescur in thes rise eif lieiuiels in narreiw tubess. ;/ 
being the weight eif the raise'el liejuid and d/i. the eslevatiem to 
which eeirrc'speinels thes infinitely aniall elee'rease of the surface, 
we have feu- the eeiuilibrium 

r/cr -- e/ dh. 

As the dese'rease esf thes surfae-e (do-) must e'eiiud the preieluct esf 
the tangent-line (w) anel the eshanges eif height {dh), 

il<r udh, 

we have ju - e/, 

•f.e., the weight lifte>el (S(|uals thes preulue't eif surfae'c-tensiem iuul 
tangent-lines. 

Feir thes intesnsity fae'teir eif the volunu'-esnesrgy wes haves thes 
exiircsaion 

dK 
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Of lilu^ two [)()ssil)l(‘ kinds of v(dunu‘~(‘n(^r,U'\' tuily that is of prat*- 
tical iniportaiHH' which d(‘(*r(‘as(‘s with increasing \ i Tinian 

If a ^’as or vapor is ^iv(ai off from a solitl or licfuid suhstanct* 
at constant tcmpca*atur(' and (‘onstant pressure, wi‘ liavc^ 

h\, r pir (\,K 

or, considering only tlu^ volunu' of the gas haaned, 
a;, ( ’ pr. 

In this (‘([nation for oiu* mol of all gas(‘s O fi7\ which 
([iiantity is known froi!i th(‘ g:asa‘(|unf i<»n. 

For an infinit(‘ly small chang(‘ of volume* (»f gases at constant 
pr(\ssur(^ wi) ha\a‘ 



db:. 

pdr. 

Prom the e(iuation 

pr 

in\ 


p 

. 

r 

th('r(*fore 

- dh\ 

nr '''■ 

r 

and 

~ 

U 1 T 

or, for (‘onstant tcnnpc' 

ratlin', 




By integration ladwcam i\ and t\, we* gf*t 

There in little known of the n'lation iH'tween volutmM'tierKy. 
volume, and pnwun', except in the ea.s<‘ of gjw'.s. 

hor tlu^ (‘([uilihrinin ladwi'cn vohina* and liintaiiee enerj^y 
Huch as takes place, for instance, in a cylinder tilled with ^as. in 
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\vhi(‘h a pn‘ssur(^ is (‘X(‘rU‘(l upon the ^’us by a piston working' 
without rriction, wt‘ hav(^ 


j (III p (h\ 

'rh(‘ taoss sc'ction of tlic^ (‘ylin(l(‘r l)(‘ing ip 

(h^ (/(lip 

th(‘n p(/ J\ 

thc^ forcH^ (sjuals tlu^ l)r(Hluct of gas»pr(‘ssuro and (‘ross- 
sc'ctional 

Bc‘for(‘ UH^ntioning tJu' otli('r fornis of (iungy we want to 
eonsidcT a f(*w gcnu'ral important (‘onsi<lerations. 

If th('n‘ is no cspiilibrium in a sysit^in Ix'tween the forms of 
(‘uc^’gy pn\s(mt., the Hysiem is undm-goiiig a change so that th(‘ 
dc*ereas(^ of om* form of <n)('rgy is gr(‘at(‘r tluin the inenxise of 
tlu' othc'r. Tlum (m(‘rgy go(‘s over from phuw of higlu'r intern 
sity to thost^ of low(‘r intcmsity wlu'n'by it is sometimcvs tr*airs- 
formed into other fo»rins of (‘ucn'gy; to what (^xU^nt siudi a 
transfmmation taJ«*s placa^ (h^prards on th(‘ nature of the system, 
which irrasmucli as it (‘ITcrds a tr‘ansformation of (aua'gy — is 
(‘all(‘d a ma(‘hin(‘. 

In the nbov<‘ suppos{*d cas(‘ of unbalamaHl (aaa’gy the ma’cs- 
sarv (diange of state* (if th(‘ system can take [rlacc* in various 
ways. A liftenl ston(% for instama*, cn,n fall v(n'ti(*ally to the 
(*arih or can slide* down an inclinenl |)lane. It will sek'ct, in 
faed, the* way along which it attains in the*, same* le*ngth of 
time the* gr(*at<‘st possible* kine*tic ene*rgy. The g(*neralization 
of this principle* is: Of all possible*, transformations of en(*rgy 
the* one* will take plae*<* thatwvill preieluce* in a givcm time the 
largc'si transfe‘r of c*rre*rgy from tlie origirral form to some 
othe*r. 

2 . llc*at was the* first form of (*n(*rgy to he renjognizcMl as an 
inelepend<*nt eiuantity. In eanmeettion with this form of emca-gy 
two imiJortant laws we*r(* fonmilateel, whi(*h laws also liolel for 
all the* otlr«*r femns of c'liergy: 

fa) ThmnmUjrHirnie law: II(‘at e*an !)e tTaiisf()rni(‘d into 
mc*e’Iiarrie*al work and oth(*r ferrms eif energy and vice vena. 
This t.ransformation tak(*H place according to e‘(*rtain definite 
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laws. This law is based upon the fad tluit (nier^^y (-aimot bc' 
luadc nor destroyed, but only transiornu'd Inuii oia' loini into 
another. Clausius has f<»nnulat,i'd this siuu<‘ law as follows; 
the energy of the uiiivc'i'se is constant. 

(&) Thmnodipuwric [aw: Ihait. cannot go of its own acc<ird 
from a colder to a wanner body. Applying this law to all 
forms of energy we can say; If two bodii's an* in e<|uilibrium 
with a third with respecd. to e('rtain lorms of (‘iiergy, they an* 
also in equilibrium with each otlua- as reganls tlu* sanu' forms of 
energy. 

If we add to a body th(' heat dQ at th(' absolute temperature 
T, we have 


/ 


dQ 

“y < 


0 (== for reversible. 


< for non-n'V(‘rsiI)le pr<(ces.ses). 


The second law has, furtluTinore, another important meaning. 
In a reversible process, carried out hcdwcHni very narrow limits 
of temperature (between T and 7' -1 <//), th(‘ heat quantity 
added to the system being Q, the infinitely small part 


dQ 


Q 


dT 

T 


of this added heat can be transform<‘<l into work or other forms 
of energy. This is a law of special importance in tlie study of 
energy. As, according to above; explanation, wt; have for 

reversible processes j d/yj* must Ik; the total dilT<*rential 

of a ([uantity which — ju.st as the energy - tle|K‘nds only on 
the state of the body, but not on the; way by wliich this state 
was reached. Clausius calls this cjuantity “entropy,” and it is 
generally denoted by s, and by intr<Klucing thi.s tjuantity into 
the second principle we get 

dQ » rds. 

Like all other forms of energy tlu; lu'at can Im? decomposed 
into two factors, one of intensity and the other of capacity. 
The former is the, temperature, while the latter, aeconling to 
circumstances, is represented by the entropy or heat-capacity. 
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'I’lic f;{‘iu‘rul (‘(lUiitidii of (*norj>;y hoiiig 

A’ n, 


and the total differential 


dl<: 

rdi 1- idc 

w(‘ have for a constant, r {dr 

0); 

di<: 


di 

c, 

and for constant i (di 

0) 

dl'I 



Mir tlH* heat. \v(‘ havo i T. If wo add to a substance the heat 
(|unntity <{Q, so that, no otlior form of (uiergy is genoratcd (with- 
out iH'itig coiisidcrod) and if w(' dotormine. the relation between 
the heal, added and tiu' inen'use of teinj)erature effected 
thert'bv, we have 

ilM V (I! , 

wliennn c stanils for the In'at <'aiia(‘ity of tlu' sid)stanco. 

In nieltiiif; and ('vaporation an<l solidifying or condensation 
respectively, and also in many (•hemi<’al proc('sses taking jdace 
at constant temperature wi* have 

iUi (IcT 

or anahtgoUH to the ftirtner <‘(|uation 

tin (M\ 

'Hie total values of the entropy being unknown we have to 
transff)rm thes<i eciuations by referring them to two states 
marked by itidex 1 aiul 2: 

(s, ,rr (r. - c,) di 

Wt‘ liave, for instance, assuming equilibrium between boat 
and volum<*-energy, 

(s, - a,) dT « iv^ - a,) dp, 
or, 

s, ~ .s, dp 
V, - V, dT 


///■;,i 7 ' i:\i-:ii<;y .i\/> i-'i ii.s 


00 


If \v(' indicate' tlu' latent laait of the )tmees> referreil \u 
(chemical reaction, etc.) I'V / have 

/ 


/ (//< 

and then'fore ^ ■ 

which expn'ssion is (‘orn'ct for all chaiijxi's ol the state' ot ai^itre 
gation and all ('la'inie'al i'hanges ol .stati’, that ari' coiniecti'tl 
with a ('hange of volume. We ('an traii.sfonn it into 

/ (IT 

(I'j C.J (//) (Clapeyt'oii s (''lualiitii I. 

4. As coedicic'iit. of capat'ity of eheinical energy the grain- 
atoin of the ('lenu'uts or th(' grHin-iiiole('ule is generally used, 
while as ('(K'lficient of intensity the “ cla'inie'ul poti'iitinl " or 
simply “potential” is n.st'd (,(. Willard tlihUs). For the Intti'r 
(luautity we hav(', ae'cording to the general energy •eijuation. 

. (/A’ 


The. individual vahu's "of the <|nantities <(f eheinit'iil iuten.sity 
being unknown, w(' ('an only eon.sider their .sum a.s apjK'aring 
in eciuations of ('lunnical reactions, if, for instaJiee. h\ and /v. 
re(i)r('HCint tlue total clannic'al energy -content (tf a system in the 
beginning and end state resp(‘etively, (/ Is'ing the energy gen 
('rated (liberated) in going from I to 2, w(' have 

A’, a; i (/• 

If we divide now both sides of the e(jimtion by the capacity 
c of the system (c remaining constant in the proce.sses under 
(ionsideration) w'e get. 

li. , 

r V V 
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As tlu‘ caparity r is always a pasi(iv(‘ (luantiiy \yv ha\'(\ 

ir V ^ V ' ‘ ^ < 4 if <1 < 0. 

Tluajct' <*luaiuca! (aiuilihriuin vm\ only tak(' phu*(‘ if tlu' intcai- 
sitics of tlu‘ f<H'iiis of olKanii'al (ai(a'f!;y Ix^fon^ n,a(l a, flea* th(‘ 

trnnsf(jrinatit»n an* (‘<|ua.l : oth(*r\viso if this is possibk* such 

a. transfonnatitai will takt* phua* (luit. tlu* iniatisiiy (ka'n'asc^s 
(and on actaanit- ol tlu* (a|uality of tin* (*apa.(‘iti<‘s tlu* total 
(‘iH'tuical cnta-‘»:y of tin* systt‘in will also (l(‘cr(*as(*). 

If iiistcnd of one single* chctnical substance*, as in the* case 
above*, tlu‘n* an* s(*v(‘nil, it- must, lx* n‘ni('ml)(‘r('(l tluii to (*V(*ry 
one of tlu*m th(*n* corn*sponds a c(‘rtain <iuantity of clK*mical 
c*iH*rgy and also of itd(*nsity, so that- we* (*a.n write* an (*ne*rf>;y- 
e*(|uation for (‘ve*ry substa.n(*(*. If we* ge) bae'k ter^ the* c'le*- 
tne'ids, i,v,, to the* individual kinels of atoms pn*se‘nt, anel 
mark tlmir mmdH‘r be*for(* anel aftc*r the* transfe)rmation with 
a/, a/ , . . and ?//', , re'spectivedyj the‘ir 

e'ne*rgy {*onie*ni with /t’/, h\/, h\', . . , , A’/b AY', and the 
e‘n(‘rgy of n*a(*tion (*onne‘(*t{‘d with the* transformation with 
i/, (/", e/'", wc» !iave\ for e*very kinel e}f atom, 


>1 ' ' 
/(, a, 

n.f (A'/ 1 



< iF" 

1 <l"), 


or. for e*ve‘ry single* atejin, 


/.;/ 

A’' 


r/ tf 

// 



•‘t 

'/ > 


Wey the*r(*fore. ge‘t the* folle)wing e*xpre*ssioti for the total 
re*aetion : 


n/E/ i- n/'E , ' I . . 

1 (f f (/' f . . 


n/A*/ 




( 3 ) 


By an analogous m(*thod wt* ged for the* eaipaeities 

«/r/ f w,"r," h . . . - n,\' + <V" 1 .... (4) 

(ir, aM af(H)nrmfj: to tho atiovc' explanation n/ n/\ %/' ™ »/', 
etc., n,V/ !• 1- . . . ’ n/r,' + n/'c/'. (4a) 
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If WO (livido oach of llu' ('tjtuttions (2) with tin* ourn'sjiciiul- 
ing caj)acity valuo, w(' got. t ho iMtcMisity-oijuatioii 





(at 


and -tlicreforo for tho tot til n'aot ion 





It is necessary that for tho (‘((uilibriuni I I . . . 

h'+h"+ ■ • • iitxl if <*, /.»■. if 2)</ th 

Now we can arrange tho itiloasitit's oorrosponditig to tht* 
original and final systonis so that they oorrosiHmd to tho <tif- 
ferent compounds appearing in tho roa<*tion-<‘i|uution: if wo 

also sum up tla; (piotitmts aitfl distinguish hy index tho sums 

of intensities cornwpondiiig to every suhstanoo. wo gi>t tin* 
expression 


B'or etpiilibrium 


■ I x,"i < ■■■ I XI- 
X'‘ 0 . 


It could be thought from tho alnivo explanation that the 
energy of reacdion of a reacdion ix'prosonts tlirootly tho ohango 
of the chemical energy of tho system, when passing from tho 
original to the final state. This ooiudusion, how’«‘vt‘r, would Is* 
incorrect, since not only tho ohomioal Imt also all tho <»thor 
forma of energy contoiiKMi in the system an* undergoing a 
change during the transformation. But we can go a litth* 
further in the case of chemical equilibrium, since in this case 
the intensities of the original and final system must have 
become equal, and since the capacity of the systetn must 
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remain eonsUmt- the (rjuisrornuilioii, t.lie ameunls of Uk' 

various forms of energy also must, lit' (‘((tial to ea.cli otlu'r. In 
(lie east' of tlu' e(|uilil>rinni, tht'rt'fon', ihtt h('a(.-f()ree of a 
reaetitm measures (lie distanee of (he non-ehemieal eiu'rgy 
valnt's before anti afti'r (lit' reaetitm. 

l'’or aseertaining the ehanges tif eht'mieiil eiit'rgy tif a, system 
wht'ii passing from one statt' to another, we eiui start from tlu' 
ent'rgy of reaetitm accompanying this changt' tif statt', consitl- 
t'ring also tht' changt's (lait thi' titht'r forms tif t'lit'rgy art' undt'r- 
gtiing. As such we liml mainly thti lit'at, anti t.lm t'ni'rgy of 
volunit', wliieh will Ih' lieUt'r imtlt'rstotitl by tht' following 
examplt'. 

'I'lit' rt'actitm 

//, t A (fij) ll./) 

takes place with gt'nt'ralitm of heat. Tlu* tpiantity of this 
t'uergy of reaetitm is calculatt'tl by mt'ans tif Kirchluiff’s law as 
follows: 

Qr oK.'jm.ti I ;i.2r) 7’ O.OO'i T\ 

If the etimlmstiim is t'fTt'cU'tl at ctmstant’ iiressure and at 
constant temperature, thi' tlilTt'rence tif tlii' heatrcontent in the 
original anti final stab* is enlculatetl as follows: 

Heat ctmtt'iit. spec, lu'at X tibs. tt'uiperaturt' 

Original system 1.5 ((>.5 I O.OOOti T) T 

Final systt'tn ((i.5 I 0.()02<) T) T 

Di'creasi' tif lu'at ctmtent .■1.257 T ■ ().()()2 7’“ 

If we detluet this tlecrease tif the heat content (A W) from 
t he etiergy of reaction, wt' gt't. 

Q.,. -■ AW .5.S,2t)4.() cal. 

We have tti consitlt'r now t.he changt* tif the volume-energy. 
The combustiim taking place at constant jiressure, tlu* volume 
is tlecrtsjisetl in tlui ratio 1.5 to 1, i.c., I mol steam is formed from 
1.5 mols hytlrogen and oxygen. The volunuM'.nergy of the sy.s- 
tem is lierehy inert'ast'd by 0.5 li7\ This inert'ase of the 
voIumtM'tiergy, how'ever, takt's place undt'r the influence of the 
outsitlti iiressurt', is tliert'fore r(*presi'nting the adiUt.ion (supfily) 
of foreign energy, ami therefore has not to Ix^ considered here. 

Hence we have, ftir the decrtaise of tlie chemical energy of 
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the system in the eomph'te trnnst'iirmatioii frnin unKinnl t<> tlie 
final state, ^ ,,, _ 

<ir 

V. 

We g('t tlu‘ sanu' n'sult if tlu* takes jilarr at ennstaal 

volume. hi this east* both the (‘ueri^y <‘i‘ n^aeiiun uud the 
(l('(‘r('ase of th(‘ lH‘at-e(ait(‘nt 1 >(‘couh‘ 1(‘ss l>y \ h*l\ sin<»e ty is 
used insh'nd of (),. 

The (‘hang(‘ of th<^ eh(‘mieal viu^rny is therefore iudeiHaidmit 
of the t(‘m[)(‘ratun‘ and (‘<|ual t<» the «aH*r^y tjf renciioii at 
al)s()lut(‘ z(u*o. 

TABLK I 

I<:\'KH(JV OK VAlUors Hi:\r‘T!«)\S 

K I! ra! 


lh+ iO, > 1 1,0 
(10 + JO 

0 + jOjj -->(’() , . 

(■+ O, >Cil . 

N.. 4 * (), 

2 VO >VO, 4 V , 
(X), f n, >vo f 

0 *4 

0 4 , 2 tip > VO, 


ILO 

Ik 

f 2 IL 


n 

miH2 4 
2HII74 5 
minm 

4:iiicia (i 

a 

!mM7 H 
2111120 I 
u»7:ri :i 


As the direetion of elHanicail naietitms is not indejiendeiit of 
the temperatun*, th(‘ elHanieal <‘hatig(*s of state ilo rail iieees- 
sarily depend upon tlu* elumueal (uiergy alciiay liuf also lijMiii 
other forms of energy. Wlum eonsiihainir a mmmrv of eliiaii- 
ieal affinity the elaanicail caauxv alone* is not siiflieieiit, iiml we 
have to use, th,erc*forc*, tiu* elianixc* <»f the frer» einu'gy of the 
system, in whi(*h the* (luaniity appi^ars as independent of the 
temperature ((‘hemieal energy). 

VVe have seen al)ove that (*hemic*al cH|uilihritiiri emn only take 
place if the intensity of tlu* ehem5(*a! em*rgy ln^fort* the eliiinge 
eciuals the intensity aftcT the eluingc*. ( Hlurwim* Hindi a ehaitgii 
of state sliould tak(^ place that th(^ inti^nsity of this energy in 
the system dewmm. If, notwithstanding, this transfornintion 
does not occur, the reason for this can only 1 m^ lookixl for in the 
compensating effect of other fonns of energy. This is of the 
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g'nvitcssi im|)()ria,iic<\ its is shown by Ostwald in tlu' following' 
(‘xphuntlion : 

“in (‘h(‘nrK‘nl (nun-gy ilu' possibility of (‘()nii)ensating (liffer- 
(‘n(*(\s of int,(‘nsi(,y is appnnniily vcny griu'ral, as can be soon 
from tlu‘ fax't, tJial. in many ca-scs it can ])rescrve(l without 
loss, prac‘ti(‘a.lly sp(‘aking, for an iiulclinitc length of time. 
'rbc‘ |)ossibilit.y of using ch(‘mical (mergy (i.e,, of transforming 
it. into otluu’ forms) is lu^ccssarily conn(H*t(‘(l with the jxres- 
('nc(‘ of (lirf(‘r(‘nc(‘s of (*hemi(*a.l int(Misiti(\s, wliicli (*an be ke])t 
up (/.c., compcmsatetl) as long as (h'siixnl. 

“hlu' forms of comp(msa.ting (‘luu'gy (‘an only in rare (*as(\s 
b(' ol)serv(Ml. This is tlu^ nuison why w(‘ know so little al)()ut 
th(' pnssemee of a fun(‘tioi]i of (*h(ani(*al int.ensity. We see that 
i(i spit(‘ of th(' possibility of transformation of the (diemical 
(UKU’gy into otlua* foritis, for instan(*e, in a mixture of oxygen 
and hydrogen, no such transformation takes place as long as 
th<‘ tcmp(‘ratur(‘ nniains bedow a (‘('rtain i)oint. In such 
(‘ast's wc* ,5p(‘a.k of a. ^passive' r('sistanc(x^ Wo om ('xj)lain these 
pluuionunia by supposing that a (‘omjKnsation of tlie diffenmees 
of chemi(‘al intensity, by oth(‘r forms of (nc'rgy, actually takes 
plac(% and that b('tw(Hn th(‘ stage of oxyhydrog(n-gas and of 
wnior at low tettipcu’aturc's internuxliate stages are (‘ontaiiu'id, 
whi<‘h for tlie transformation (the othca* (uungy-ciuantities 
rcunaining (‘onstant) would at first eflect an incrc^ase of the 
intensity factor; afteuavarels a veuy (*onsidc‘rable eleemase of the 
same% e‘orre‘sponding to the state of water, would take place. 
8uc‘h states are* calle^d medastabile*/* 

:i. Elvrhir hJnvnjij. Tlu^ magnitude of intensity of el(‘(‘tric 
cncugy is e*alleel (‘leadromotive^ forces or |)ot(‘ntial difference. 
Whiles h(JW(*ver, the! intensity of he^at, the tempe^rature, is 
(‘ounted from an absolute! 7,ovo point, benng therefore always 
positive, no such point has bean found for electric potetdial. 
It is therefore* nvvomity to use an arbitrary zero-point 
whe^reby positive and ne^gaiive^ potential-value's are! obtainenL 
Tlie (fuantity of e'lectrieity is usenl as a fae'teir of capacity. 
If wo elenote tlic! same' with the potential with n and the 
('leetrie'iil ('lu'rgy witii /'4, w(' have 
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l^'or the <iuauliti('s of eleetncity tlie law ol cniiseia atinn ejui Ik- 
('.xpressed as follows: I’lu' total iiuautity ol (•hH'tt'irity is con- 
stant, and e(iual (inantitics of positive and ncpitivc c!c<dri<- 
(niergy are always pn-sent. 

If two (|uantities of eh'ctrieily, i Knud concentrated in 
inatluiinatical points at. a distanct' r from each other, net upon 
(‘ach other, the pot<'nt.ial dillereiK-e heiiifi nr, they exert upim 
('aeh other a forety/', which is (iiveii by the eiiuation 


K depends on the nature of tin' medium fretweeii the two 
electric <iuantities, and is called its dielectric constant. If we 
call the dLstance traversed by the two elt'ctrie inmntitie.s under 
the influence of this force <lr, wo have for tlie eleetrie (merjjy 



and therefore for a change' of the distance from r' to r, 



If we make r' - oo, we have 

AV 

Or 

K - I<: I- . 

* r 



If jBj and are both positive or Iwth negative, we see that 
KB E 

— - is positive, i.e., the electric energy increiwt's witli the 

decreasing distance, or: the two electric (giautities of like sign 
repel each other. If, however, /i’, is isrsitive and E. negative, 

KE,E, , . , . 

or vice versa, — becomes negative; electric tfuantitiea of 

unlike signs attract each other. 



FORMS OF FFUmiY 


29 


If \v(‘ hav<; two iiifinitcly Inr^e (nauititics of electricity of 
ojiposiU! sif^ii ston'd in reservoirs having a potential difference 
r., and w(; coniu'ct t,h(>s(^ two (de(d,ric.ity reservoirs by means of 
a conductor, ('lectric energy will How from both into the con- 
ductor in th(! saints way that heat-energy i)ass(^s to a cold 
body, 'riu'rcby tlu' l,wo clcictric (|uantities lunitralisic ea(!ii 
otht'r in tlic conductor, th(' ('l(ud.ric, eiu'rgy being transformed 
into h('at . 'I'his shows how th(^ ('Icctric* curn'iit is i)roduced. 

If the two iiuantiti('s of ('Icctricity arc not infinitely large 
the generation of a uniform ('lectric, ('urn'ut (v’.c. the preserva- 
tion of th(' same poUmtial-dillerence IxdiWeen two cross secitions 
of th(i condu('tor) will only l>e possibles if the eku'tric energy 
consunu'd in the conductor in tiu' time-unit is (xm.stantly 
niphu'cd at th(> ,sourc(' of th(( eUictric. curn'iit. If we refer this 
pnx'i'ss to tlu' tiuK'-unit, calling the ratio of quantity of elec- 
tricity to time * ^ i, iiiU'tisity of curn'iit, this intensity of 

curn'iit must lie proportional to the iiotimtial difTerence n and 
furtlK'rmon' be depc'iidi'nt on a co('[fic.ient, the (luantity of 
which is d(*t('rmined by th(' <iuality of t.he conductor. This 

(•(K'llicient is the ('onductance /; its reciprocal value r - i is 

callf'd the resistan('(' of tlu' ismductor. 

We tlu'n'by arrivi' at Ohm’s law: 

1 - I n 
n 
r 

We. have seen alxive that in the conductor free electricity is 
neutralized, or electric, energy is converted into lieat. If the 
potential dilTerence across the. ends of the conductor is n and if 
no otlu'r energy e.xcept heat is generated, we will have, if we 
call the heat ((uantity formed from electric energy ''W,” 

W - Q -T. 

W 

(Considering also the tune y - q, 


Qtt 



we have 



!ii:.\ r K.\ htiay .i\/' i i i 




0 


±- r.,' ■/ (inU^nsit ) aiul as If» Uliin > law ; 

/. 

we (‘an write 

ij rr. 


ij\, th(‘ ratCMit wliieh h(*nt is paica’atcMi in a. enmiiniHr i< pm 
portional io the r(*sistane(‘ and tti tin* squan^ nf t!n‘ , 

This is Joul(‘ s law. 

Another important law of <'l(*etroelHiiiisi r} is F:ira‘tav : 
All motions of (‘!(‘etrieity ir( (‘leetrolytes takr plaro uiily uitii 
simultaiu'ous motion of ions, mi tliat uilh «*qtia! qiiaiititii'N of 
(‘l(‘(*t.n(‘ity (‘lumueally (MpiivnUmt ([uantitifs of tin* \arioiis inn-. 
mv mov(al. This law is eorreet for o\‘ery luia! of elrririeil\'- 
inovenumt in eondiadors of the s(*(Hmd elass. 

Of sp(H‘ial inten*st for ns is tla^ triiiisforriiation of «’iiiiriieiil 
into (‘k'etrieal energy hs w(‘ find it in galvaiiir hatienen It 
was thought at first that h(‘naii the elieiiiien! laiergy is pt*r 
IVetly transfornunl into (‘hHirieity. Tliio houover, not 
(‘orreetu 

In general we cun expn^ss these* eonditions by tlie equation; 


wluTcin E,. incatns (T'ctrienl energy, /y elieinieal fmrrg> » ft*** 

(jiuintity of ('l(M*tneity t rnnsf(*iT(*d in t lie eleef roly ti% thi* potmi 
tial diflVnuKa* and T th(‘ nlisohiti* limiperiilun*. 

The radiant (ncn*gy is the* ten,'*.! known of any form of energ\\ 
Ostwald says in rt'gard to tla* emergy of radiiition: 

“The law of tla^ eonsta’varmn of era*rgy shows a diserepitiit’V. 
as we ktunv soni(‘ plaaionama in wfheli energy preseiit dts--^ 
a|)p(‘ars Inyond the* poweu' of «nir se*iisi*s and iiii*aiis of obser- 
vation. It doe*s not. liowe*vf*r, (lisnppeair absolntidy, ns we mu 
g(*t ba(*k a ([uantity of (*n(*rgy e*<|Uiil to the* aiiitiiint Ifist. itiil 
in all tiiese eas(‘s it ran In* proven! thiit a eertiiiii Igeiierfiliy 
very little) time* has (‘lapsenl during whiefi t!ii* e!ii.*rgy fins left 
one ]:)art of the* systean nnch*r ol>se*rvaf ion, but lins tioi yet 
ai.)i.)ear(‘d in tiie otla'r part. From tin* fact tltai the energy 
reapiiears aftc'r a ef*rtiiin time*. \vt* make the canicdiislciii by 
analogy that’ it <‘xiste*d during this interviil in ii dilTermit fonti: 
as long as it was pres(*nt in iluH form, ii was iiiiperca^ptible t<i 
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US until al'inr its n'trnnsronnation into oik*, of the forms of 
(‘lunxy tliat w(‘ can p(‘r<*oive with our scmsos.’^ 

1 his lonn, in whi(‘h the eiu^rgy lias no c.onnec'tion with, and 
no relation to our seiKS(\s, is called radiant (‘uer^y or energy of 
radiaticni. By th(‘ n^gular relation Ix'iAvc'eu tlu^ disa{)])earaiice 
of ('lu'rgy Iroin oiu' j)la(‘(‘ and its n^apix^arance at another j)la(U', 
w(' conclud(‘ that ('uergy, if transfoniK'd into radiant form, 
trav(‘ls through the si)ac(‘ witli a V(‘locity of X 1(P (an. ixa* 
s(‘(*ond. 11iis is calhxl tlu‘ velocity of transmission of light (ray) ; 
it is corr(X‘t, how(‘V(a-, for radiating emagy in gcaua'al, from 
which light, may originate'. Ml(x*tric energy is easily (‘hanged 
into nwliant' cau'rgy, which travels at tlu^sanu' sixxxl, as energy 
originatcxl from laait and (‘hemical eiu'rgy, which is generally 
calhxl light. Basexl ujx)n \V. Welx'r’s work Maxwell found, hy 
comparing th(' formula for the electro-dynamic. effe(‘t (long 
distanc(') and for tlu' motion of light, that tlu' principal con- 
stants ar(' idemtical, and IhalJi lat(‘ly (h'monstrated by means 
of (‘\p(*rim(‘nts that tlu' periexlical motions of radiant energy, 
through spac(‘, gc'iu'ratcxl by rapid ('l(x*tri(‘. os(‘illations, are 
gov(‘rn(‘d by tlu' sanu' law as the optical motioiKS. To infer, 
tluax'fonN as is doiu' gcmerally at i)r('sent, that light is an 
(‘l(x*troniagn(‘tic plumonH'non, is as ii)C()rr(X‘t jus if one should 
con(*lud(\ from th(' bict that burning |)hosphorus tnnits light, 
that tlu‘ light- is a. clu'inicjil phenomenon. W(' have, in all 
lh(*s(‘ cns(‘s, transformations of otlier forms of energy into 
radiant (uu'rgy, iluit follow their own laws and (*an be recon- 
V(n*t(‘d by proper mcxuis into every otluu’ form of energy. 

Hadiairt (mengy can, as tlu' other forms of energy, be pro- 
ducc'd from otlua* forms of (uiergy or ehangcxl into the same. 
Its relati(m to m(‘chani(*al eiun-gy is th(‘ kaust known. It cannot 
b{‘ said witti eertjiinty at })n's(mt wladlu'r direc't (‘hange of the 
lat-tc'r into radiant (Mungy tak(‘s pla(‘e at all. I was tint able to 
find a single positive pnxd’ of this transformation. This is the 
c*ausc' of the fac't that tlu^ m(H*hani(*al eiuugy, which acts in the 
movemcmt of tlu' stellar bodies, remains esscmtially unchanged, 
while the otluvr formations which contain other kimls of energy, 
that are mon' (easily t.ransformed into radiation, do not show 
su(‘h a (constancy. 'Thc' transformation from radiant into me- 
(‘hanidil c'ncugy luus nho not been proven 1 Ixyond doubt; possibly 
Hiudi a transformation takes place in Crooke's radiometer. 
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"riuHH'otically \v(^ sluould (‘Xpivt in t‘vc‘ry sulwtance that yi(»l<ls 
radiant. cn('r^3% a. nu‘(*hani<*al (‘(mnt(‘r eflVcd in tha IVirm <»f a pr<‘s- 
miv which wnrks contrary to tlH‘ dinalion cd* thc^ nuliatitan 

On the otluM' hand a pre^ssurt^ in tlu' dircctitat of t!u‘ radiation 
corresponds to ('V(*ry absorption of radiant cncr<^y. This |)rc\s»- 
sun' is ('(|ual to th(' radiant ('nergy containctl in unit volunun 
At. thc‘ V('ry <»:r('at. V(‘l(H‘itv oi tlu' rmliation this aniount is gvn- 
(‘rally vi'ry small. 

(•ontrary to nu‘(*hani(*ai (aua-^y tlu‘rnuc entn^v is v(‘rv i‘asily 
iransforuH'd into radiation. This change' is so fn‘c|ti('ni and 
so n'gular that tlu' tluamiic (au*rgy is ofUm callcMl ‘‘radiating 
lu'at.” This name* is as mish'adiiig as the* didinition of hc»at as 
a kind of motion; for th(‘ heat aftt'r transbirmathm into radiant 
('lU'rgy is not luait, just the* sanu* as nu'chanical energy* afttn* 
transformation into ht'at* has (’('ns(»d io exist as mechanical 
energy; in the lU'W state the* (uu'rgy hdhnvs nt'W laws and 
cannot be (*all(‘(l by tlu^ old natiux 

Tlu' change' of hc'at into radiant eme^rgy canned, b' followed 
up in an al)solute marmt'r» sine’c we }iav(' no mi'ans of me^asuring 
(lu' radiant (‘ue'rgy itsc'lf, bing forced to convert the' same intee 
anoih('r form of (‘m*rgv: wt* have' t(» twimvvri it in this case* 
into lu'at by placing in fremt of the' radiant bnlie's, IkhIic's 
absorlmig tlu^ rays and transfeaming thenn intc» mt'asuralde 
hc'ab In otiie'r words the* re*c(ivcr lias to b* as se'iisitive a 
i.hc‘rmonu't(*r as possible*. The* n'cc*ivt'r has to e»ontain a certain 
luad. of ccnluin te'mperntun** and must tlierefore also radiate, 
a.nd the* h('atH|uantity, which is {H'na'ptilile' em aceaiuiit of the 
aliHorbed radiatioUj is the* ditTereuce! bd^ween the latter find the* 
emitted Iieat, 
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THE CHEMICAL TECHNOLOGY OF HEAT 
AND FUELS. 




VOLUME L 

THE CHEMICAL TECHNOLOGY OF HEAT AND FUELS. 


Thm chemical teclmology of heat treats of tlie methods used 
in the industries for the transformation of chemical energy into 
heat. 


This transformation generally takes place by means of a 
(diemical {)rocess called combustion, which in all commercial 
proc^esses used u{) to the present time consists of oxidation. 
The oxygen reciuired is taken either from the atmosphere or from 
oxides, the latter being thereby reduced. Lately experiments 
that look very promising have been made to produce pure 
oxygen on a large scale or to increase the oxygen content of the 
air for obtaining an increased effect in the combustion. 

The materials which are used commercially for generating 
heat are called fuels. They are either used as they occur in 
nature (natural fuels) or are made to undergo certain changes 
before being used (artificial fuels). 

The object of combustion, as above stated, is the trans- 
formation of chemical energy into heat. It will therefore be 
necessary to become acciuainted with the methods of measur- 
ing the generated heat and also with the methods that enable 
us to determine the energy-content of the fuels. 

Ihimarily, we are (u)ncerned with the measurement of the 
intemsity faednrs of heat energy, i.e. the temperature, since the 
(*apa(*ity-factors (the spec.ific heats) are generally known, and 
lumc^e do not hav(i to 1)0 determined in every case. 

S(MU)nd in orden* (*,omes the experimental d(d.ermination of the 
calorific valiuL Tliese determinations are of two kinds, depend- 
ing on wh(d/her tlui ([uantity of heat yielded by the (‘.ombustion 
of a (‘.ertain (luantity of fuel is to be determined, or whether 
tlui higlu^st tennperature that can be reached theoretically by 
c.ombiistion, is to l)e ascertained. 

Finally it will be necessary to study in detail the process of 
c()ml)usti()n. 


V 

v 
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All theses points mv (’onsi(l(n-(‘(l in Part I of this work. Part 
11 contains the s(‘i(aic(‘ of lirin^, /‘.c. all the i)rnr<‘ss(‘s that ra\'(»r 
the utilization of tlu^ (‘onihustion Iu*at, (a* r(Hiuc‘(* tlu^ unavoid- 
able heat loss('s, a,ii(l also th(* dis(*ussion of tlu* dilTenait rni*tliods 
of industrial firin;^'. 

Part HI is addl'd as an appiaidix. treatin^c (4’ tlio various 
chemical methods of heat abstraction (ri'fri'^eratiimi. 
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HEAT MEASUREMENT, COMBUSTION 
AND FUELS. 

CHAPTER I. 

THE MEASUREMENT OF HIGH TEMPERATURES 
(PYROMETRY). 

The measurement of temperature is of the utmost importance 
in the industries, because on the one hand certain processes and 
reactions take place only within certain limits of temperature, 
and on the other hand an increase of temperature above a 
certain value means an increase of heat loss and a waste of fuel. 
Instruments for measuring temperature are generally called 
thermometers; thermometers used for measuring high temper- 
atures, however, are called pyrometers. Widely different prop- 
erties of certain substances which vary with temperature 
have been used or proposed for the measurement of tempera- 
ture: Change of length and volume of various substances, 
variation in the pressure of gases and vapors, melting points of 
different substances, heat given up by hot substances in cool- 
ing, color of emitted light, change of electric resistance and 
thermoelectric behavior, heat-conductivity, etc. 

We are going to describe below the most important instru- 
ments of this kind : 

1. Ordinary thermometers, in which the apparent expansion 
of a liquid (generally mercury, at low temperatures, alcohol) in 
a containing glass vessel, is measured. Since the ordinary 
thermometers can be used only up to the vicinity of the boiling 
point of mercury (3.')8° C. at atmospheric pressure), tempera- 
tures up to about ."iOO® C. require instruments that contain a 
quantity of hydrogen or nitrogen above the mercury, instead of 
a vacuum. When used they have to be heated up slowly, i.e. 
gradually inserted into the medium or space, the temperature 
of which is to be measured. 
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For oxari nu'asurc'nu'nts of {(Mtipca-at urr tin* ioilnwin*: (*rror> 
hav(‘ to ho oonsidcM’CMl : 

1. lioadiii^ (MTor. 

2. (Iradua-tion (‘rror. 

2. Mrror du(‘ to prt'ssurc' (insidt^ or outsidtd. 

4. I^lrror dut^ to iiuarisous. 

f). FrroiH'ous d(4{'nninatio!i of tla* tixod points. 

(). Frror diu^ to tiino la^* of thornnanotta’. 

7. Error du(‘ to ^lass»(s\|>ansion. 

W(‘ want to oonsidca*, in a fow wools, tin* most inip<irtant of 
those sour(‘(‘s of error. 

To oht.ain oorri‘ot n^adiiiK-*^ tin* visual ray has i»o pc^rpcm' 
dieular to tlu‘ graduation. 

For ('xaet nusasunmamts t>f tiunporalun^ it is a dtsagret^ahh* 
fact that tlu'rnioin(4('rs, after sonu‘ tinax show ineorroot roatl- 
ings, tlu' fr(‘('zing point Innug apj>aren!ly moved upwanls, 
and returning to tlu‘ original position only nftt*r being lieatcHl 
to high t(Mnp(‘ratun‘s for s('V(*rul nicmths. Ttiis planomenon is 
oalltHl d('pr(\ssion. This d(‘pr(»ssion is in eh^se relutieui la the 
eoniposition of thi' glass: 


TAULH 11. 

DUPIlUSHtON FOIi VAKIt H'S (’C »M pcmiTlONS OF OLAS8. 


Ih’prt'M” 

Nion. 

SiOy 

M 
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1 

04 

0 .52 
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m 



O.DH 
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42 

K 20 
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m 
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32 

0.09 

65.42 
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93 

13.67 
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m 



0.09 

69.04 

0 

89 

12 21 





18 

52 



O.IO 

56.74 

0 

66 

0 18 



29 

86 : 

12 

48 



O.U 

65.00 

2 

04 

13 58 
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51 

(1 

07 

0.12 

72.09 

I 

45 

11 20 

0 
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1 

88 
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41 

o.ia 

69.52 

3 

86 
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0 
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;i 

07 
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77 

0.20 

64.48 

1 
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71 : 

:i 

55 ^ 

12 

81 

0.24 

70.29 j 

2 
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Si 

2 

48 

o.:n 

75.65 

1 

34 

6.11 





5 

68 

II 

50 

0.35 

74.72 

1 

35 

9.10 
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i II 
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0.36 
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3 

35 
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0 
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14 

55 

4 
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1 

31 
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3 

15 
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3 

07 
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77 
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12 
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llfi 
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TABLE in. 

DEPlilOSSrON FOUND BY WIFBIO. 


Df'pri'.s- 

sion. 

Si(\, 


Al/), 

CaO 

MnO 

MiijjO., 

A.S/);, 

K/) 


1 )( W(‘ 










0 . 04 

64.45 

0 

.81 

12.36 

0.22 

TrMc(' 

0.89 

20.09 

0 . H 6 

0.15 

64.66 

0.53 1 0.24 

13.38 

0.27 

Trace 

0.87 

18.89 

1.48 



■ 




PbO 




0.15 

49.49 

0.35 

1.20 

0.67 

33 . 90 


12.26 

1.54 







MiioO., 




0.38 

64.49 

0.61 

0.42 

11.56 

0.38 

0.77 

0.35 

17.14 

3.75 

0.38 

68.62 

0.53 

2.37 

7.36 

0.36 

0.34 

Tvixci^ 

3.56 

16.89 

0.40 

69.58 

0.46 

2.09 

7.90 

0.30 

Trace 

0.27 

3.97 

15.35 

0.44 

66.53 

0.43 

2.18 

9.44 

0.21 

Trace 

0.74 

3.95 

16.15 

0.65 

66.74 

0.30 

0.21 

8.68 

0.22 

0.08 


10.57 

12.72 

0.07 

70.0 



16.5 




13.5 


0.07 

70.0 



15.0 




15.0 

1.05 

66.0 



6.0 




14.0 

14.0 










Otlier tewts made by Abbe and Schott also proved that lead- 
potassium glass, potassium-lime glass or sodium-lime glass show 
the lowest deiiression, whi(dx, however, iruTeases if potassium 
and sodium are })resent in a glass simultaneously. 

According to these observations a standard-thermometer 
glass of th('. following composition is manufactured by Schott & 


Genossen in Jena; 

Silicic acid (>7 per cent 

Boracic acid 2 per cent 

Alumina 2.5 per cent 

Lime 7 per cent 

Oxide of zinc 7 ))er cent 

Soda (caustic*) 14.5 per (‘,ent 


This glass, after previously being heated to 100° C. shows a 
transient fall of the zero-mark of only 0.05 to 0.0()° C. 

The (‘.orrection of the thermometer-reading on account of the 
meniscus is made by means of the eciuation:^ 

T t + 0.000148 n {t - t'), 

wherein T means corrected temperature. 

i means observed temperature. 
t' means average temperature of the meniscus. 
n means length of the meniscus in thermometer- 
degrees. 

^ (So(‘ alBo the following table of Thorpe.) 



VALUES OF THE CORRECTIOX FACTOR. 
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O.OOOIIS i,s jxii oiii])inca] (u)ofHcieiit tluii upproaclics tlie 
appiinnit (^x|)aiisi()H-c.(KvfIic.i('iit of inennuy in glass (O.OOOir)!). 

2. (Irapldte pyroiiielcr and ■inelaL pyrometer. Notwithstand- 
ing tlK'ir dc'f('.(d.s these instruinents are widely used. They are 
hascnl upon the uneciual expansion of two (lifferent solid sub- 
stance's, and they nu'asure the difference of exjxansion of two 
difhirent solid substances. 

NspcM'ially the graphite pyroin(d:er is largely used. However, 
it is not at all reliable, as is shown by the following tables, in 
which I means the reading from the ])yrom(d.er and T the tem- 
perature determined by tlie. Weinhold calorimeter; 

TAliLE V. 

COMPARISON OF ORAPItlO PYROMR'l’I'ni WITH 'riHO WETNTIOLO CALORI- 
METER. 


t 

T 

t 

T 

t 

T 

t 

T 

604 

500 

775 

573 

869 

553 

888 

555 

650 

512 

814 

535 

873 

524 

906 

555 

736 

520 

818 

567 

874 

571 

900 

553 

756 

585 

835 

561 

875 

504 

935 

575 


Furthermori', these pyrometers do not go liack entirely to 
air-temperature after cooling, but show a temjierature 20°- 
00° higher, which defect increases continuously, so that three. 
gra|)hite pyrometers (examined by Becdeert) that were only 
(;xposcsl to hot lilasts of less than 500° 0. within two months 
showed over 800°, and went to about 200° above tlu; zero-mark. 

Metal })yi'omet(U's show similar faults. With three of these 
pyrometers Weinhold obtained the following reiuirrcctions as 
compared with air-pyromiders. (Table VI.) 

A piKtuliar instrument of this kind is Joly’s meldometer, 
whiidi is used for determining melting points. 

3. W edyewood’ ie pyrometer is based upon tlie contraction of 
a (day cylinder, which, after being heated to the. temperature 
to be measured, is allowed to cool to ordinary temperature; 
then the decrease of volume of the clay resulting from its change 
at high temperature is measured; one degree corresponds to a 
contraction of xnVn of ffio ori^nal dimension. The zero-point of 
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the pyrometer corresponds to a. t(‘mp(‘nitun‘ at \vhic*!i c»(»!iiplt‘t(‘ 
(lehydration of the clay takes place, /.c. uIhju! 11h‘ 

contraction of the clay <‘ylinder is HH^asurtMi by loc’atiiif: samt' 
l)etween two graduated Iiiu\s, which form a etaiain angle. 

1 .) 

TAHLK VI. 

eOMPAUISON OK VAUIOUK MKTAL PVHOMKTKIIS WITH A\ AIH 
eVHO.MHTKH. pYKI N 1101,0.) 

(a) (launtK'tL’s !\vn>itu'st»T (Iron ami Bras^). 

'I 


Kinst S('rics of Tt'stH. 


AlOa i’ujiiumrti I 


Air Pyi'omot(‘r. 

(Jaimth‘tt PyroiiU'trr. 

Air Pyronirirr 
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(/;) IkM'k'^J Pyromt'lrr (iron ami 


Air Pyroiii(^t«*r. 

Bw’k'n Pyromotor. | 
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' 

i Pymitit'B'r. 
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22fi 
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245 

478 
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1 

Oi'flwltCa HBlral Pyrnn 

ii'ti'f (Plalinnjii*Hllvw). 


Air IVromotor. 

Oih’UmIo’h Pyrtnm’tor, 

Air PyrntiH^iit. 
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These pyrometers are selcloin used to-day, as tliey give widel}^ 
varying results even with slight variations in their composition 
and method of manufa(‘.ture; furthermore their results are not 
pro{)ortional to tlie ones of the air pyrometer, 
wliich at present is taken as standai'd ther- 
monuder. 

Le(Uiatelier found, for instance: 

Air ])yrometer ° (t 

000 lOOO 1100 1200 1300 1400 

\Vedg(‘W(K)( Ps pyrometer 

20 30 70 130 152 KK) 

In ceramic, factories, however, where not 
fin actual tcnnperature-measurement has to 
b('. mad(^, but only a ccu'tain temi)erature 
has to be maintained, Wedgewood’s pyrom- *''*^^* 

(‘t(H* cm l)(i advantageously used. In Ph-anee 
circ.ular (uikes 5 cm. thi(‘.k, liaving a diameter of 5 cm., are 
us(m 1 for this puri)ose, l)eing pr(\ssed out of the clay-mass 
without moistening and then burned. 

4. Gas or air iliernioniders are bascnl uj)on Boyle-Gay- 
Lussac’s law, and an^ (‘.onsidered as staiulard instruments, 
with whi(‘.h all othcuvs are comparecl. They are used either 
with constant volume or constant pressure. 

For a i)ermanent gas, which at the absolutes temperature T 
and the pressure l\ ocampies the volume V, we hav(^ the law 

PV - uRT 

(wherein n stands for the number of mols of gas in volume V), 
If we change the temi)oraturo of this gas to wliile keeping its 
volume constant, the i)ressure is changed to and we havc^ 

, P.V^nRT,, 

T P 
ii «= iJ 

T 



or 





■l 1 

By this nu'tlHHl w(‘ can nusa.'-urc a c-hanp;^ «*! ttaapcral urc‘ In* 
the eorn'spondin^ (*han^v of tlu* prt‘>.<ure. 

Jf, li()\v(n'(‘r, \v(' chang(‘ tlu^ teiapta-atun* of iliv pis fnati 7' 
to 7\, kcM'pin^ tlu' pr(‘ssurt‘ /* constant, the voliiine u! the ^as is 
changed to \\, and \v(‘ hav(* 

/>l^ 
or 

T 

or 

7\ T 
T 

We measure Ihuh^ tlu* changt* <*f ttnnperatun* by the c’hangt* 
of volum(‘. 

As th(‘ active^ nuntiuin a p(n‘nmiH*nt gas is used uiitrog«»n, 
hydrogcni, or air), \vhi(‘h is taiclosed in a vessel of practically 
tinehangeal)l(' volume. d1u* ( Vlsius-gratluatiun is used, the fret^z* 
ing point sc'rving as ztmmnark. 

1\‘mp(‘ratur('s IndwcHat d degrc*e and UKI dt*grec*s are genc*r« 
ally nH‘asur(*d with a tlHn’nitan(*ter c»f constant volume. Above* 
l()()^(). ho\vev{*r, the* prc*sstin* im-reases so rapidly that ihv 
stnmgth of the* |)yroint*t(‘r may !«* c*\ce(*ded. llierehu’e for 
su(‘h UMnp(‘ratun*s instruments with constant pn^ssure an* 
used, if the pn‘ssurc* is m(‘asurc*<l in alni(»sphen*s wt* have for 
th(‘. first m(‘thod 

/ iP l)27;h 
and for the .second method; 


Up to 500® (1. tfic* t]H*nnom(*t(‘r»vessc‘l can 1«* iiiiide of glass, 
but for higlu*r tcan|H‘ratun‘s glass softens. Iliiltiiiiiii vessels 
W(*re first tried for temperatun^s higlier iliaii 5(MPU., Iiiii not 
Huceessfully, siias* hydrogc*n (whiefi is generally used) per- 
m(‘at(‘H platinum at liigh tcanperatures. Ikirceliilti vessels, if 
made imperm(*al)l(* for gas l)y glazing, tain Im* used siifely up tt» 
1000® and evtm higlH*r. 
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For avoiding tlu^ (‘rror duo to the oluingc of the quantity of 
the (‘n(*losed gas on a(‘,(‘ouiit of tlie penneability of the vessel, 
a method invented by J^eecjuerel can be used. It consists of 
forcing a furthcu* ciuantity of gas into tlie voliinie V of the pyro- 
mc'.ter (*x)ntaining gas of the temperature (to be measured) T 
and of prc'ssure P and mc^asuring the j)ressure reciuired for this 
pur[)ose. ImmcMliately before adding this ciuantity of gas we 
havc^ in thc^ apparatus n mols of gas of volume V, pressure Panel 
t(‘.mp(‘ra,ture (to 1)0 measuivd) 7\ 

J^V ■ nur. 

Wo now add the gas-volume v measurc'd at I and p, for whicdi wc^ 
have'. 

pv -= n'P/. 

After prc'ssing this gas-cpiantity in we luive in the constant 
volume V of the ai)paratus, gas of the temperature (to be 
measurcMl) T and of prmsurc^ l^' : 

P' V - {n + nO 

and thcreforci 

PV pv P'V 

r ' i " T ■ 

In th'w ociuation T is t.lui only unknown ((uantity. Wc have 
7> />)K 

I pi) 

or 

T I 

pi) 

The applic‘ability of this mcdhocl is l)ased upon the fac‘t that 
Ic'ss than a minute is recjuired for measuring and introducing 
i\m additional ciuantity of gas so that the error causc'd l)y the 
penanembility of the vessel during this short period is very 
small and negligible. 

The only defec'.t of this a{)i)aratus is the imctertainty of our 
knowledge (exacdly) of the expansion of the i)yroineter-vessel 
at high temi)eratures. An instrument of this kind, very con- 
venient for practic'e, wliidi, however, has to bc^ handled care- 
fully on acc'ount of the fragility of the poredain vessel, was 
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(*()iisinicJ,(Hl by W'iborjL^h. Mil’s. '2 aiul ll show sann^ in th(‘ 
ol(l(‘r c.onslruci.ion. 11i(‘ llua'inoiiH^tca-hulb \\ havini: a (*on- 
t.(ait of a.b()ui 12 am., is prolon^tMl into a puna^lain tuljr of 
20 nun. oulsidt' ajid O.o nun. insiiM diainntia’. dliis tulna 
whi(‘h is |)ra.<diaaJly a capillary iub(‘, and can bt' sc! upon the 
other parts of tlu' instrunuaii, has to be very stnaii*;, and is 



{"’em. 2 and 2, Wdhori^h I*vrimM't**r 



l)uilt with laaivy wadis, d'hc tulw* is t*cincnt<*t| into the int‘tal 

hIk'U ^1, which can Im“ Hcrcwctl u|hiii the nictnl cylimici* //', 
whereby a coniiectiun is made iH'tween the tnls* juk! tfie muiin- 
meh'i- li V'ir. 

Tlie glass lube (niannmeler) is somewhat larger il.o bt 2 
nun.) at in for a length of 10 nun.: then comes another eiilarg<v 
inent containing the air volume I'' that is t*t Ik* jm-sscsl in the 
thermom(‘t(^r-l)ulh when dcbTinining the temiMTature. At in' 
the tube B ojaaiH intio the haiger maitometer-tulM‘ /#,, vvliieh w 
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about, 2 mm. iiusitki and 8 mni. outside diameter. The latter 
is i)rolongc;(l downward and eonnec.ts through a bend witli the 
iron vessel A", which is filled with mercury. A cover is screwed 
upon tins vessel, the cover carrying a nut for the screw S, by 
means of which a second iron cover can be pressed directly 
upon the mercury. 

The screw ti is turned by means of the metal disk S', which 
sets loosely upon the pivotal entl of the screw so that the disk 
can easily be taken off. This is to prevent the mercury from 
being forc.ed through tlie manometer-tube B into the ther- 
mometer-bulb by careless manipulation, which would injun^ 
the instrument. As further protection against such an acci- 
dent the tube B is provided with another very small enlarge- 
ment right above m, that is filled with asbestos to prevent a 
rise of the mercury beyond this point. 

For protection the manometer-tube is enclosed in a little 
rectangular rnetal box /), closeil in front by a glass plate G. 
The longer manometer-tube B' projects upward through the 
Imx along the metal tube B. The metal tube P contains a 
wooden cylinder 0, which can be turned by knob O'. The 
s(;ale is fastened to this cylinder, and is observed through a 
slot in the metal tube P. By turning the cylinder the correct 
scale, i.c. the s(!ale corresponding to the barometric height, can 
1)0 brought into view. For preventing dust from entering the 
open manometer-tube B', some cotton is put into the upper 
(uid, above which a glass c.ap may be suspended. If the air- 
volume V' is at the same temperature as the thermometer- 
bulb and the mercury is forced up to tlui mark m, and rises in 
the manometer-tube B' to a certain height, it indicates the 
zero-mark of the instrument corresponding to the barometric 
height. 

The correct scale is then brought into position by turning the 
scale-cylinder until the scale, whose zero-mark coincides with 
the barometric height, comes into view. If, however, the instru- 
ment is so placed that V is warmer than 7', it is not possible 
to find the correct scale by this method. 

For avoiding the necessity of using a special barometer in 
this case, a third tube Q, terminating with a bulb Q', is 
connected to the manometer-tube R. When the mercury is 
pressed into the manometer it is also pressed into Q and rises to 
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tJu' z(‘r(HinH.rk of th(‘ instriiiiu'iit. at a (*rrtain r. iiiarkinl 

on Mi(‘ ^'lass. llca'c' |1 h‘ sanir pnnrijtlo i> nsr*! a> in llio j»\ ro- 
in( 4 (‘r in ^'oiu'raJ, /’.r. a. riaiain volunu* of air is jirosMMl intd 
HnollKa*: if \vc‘ luivi' tht^ sanu‘ ttanpta'aturo in tin* inht^ (J anti 
in th(‘. hull) (j/h the* Z(*nHpt)int of tin* pyronN*t«*r ran hi* hotor- 
iniiHHl hy mark r, (*V(‘n if T is \vann(*r tluui Tk 

For prot(M*iin^’ tin* lowin’ part of tho pornolaifi luho ,|. wliifli 
(‘onlains flu' tli(‘rino!n(‘tnr''hu!l). from tfuirk i'l)ani!.rs of tom 
|)(‘ra 4 ur(' a.nd shocks, it is packed in ashc>tos. ’The upper part, 
liowc'Vi'i’, is friH*. 

k'or (’(‘ininitinK flu* pyrometer and mntjoineter tulHvs into 
tlunr ri'spia'hn'e mi'tal shells, a cement i»htaiiiet| hy inixini^ 
(inely powdin-ed litharge' with ^lyct*rm to a tlnek paste is used. 
This c('nu‘nt, gids hard in a f(*\v Imurs, and cun h* heated up to 
about 20(1 (lc*^T(a‘s without hinni^ decomposed. In onler to 
I)r(‘V('nt the ohstriK^tion of the capillary tuln* duriiu^ the cement » 
ing process, a metal ware is pas.sinl throiigli l>oth tubes: then 
th(' imds of th(‘ tiihi's arc‘ partially withdrawn from ihi* meta! 
sh(‘lls a,nd coated with cement. About half an hour later flu* 
superfluous cinnent is removed and tlie metal wire tukim out. 



In order to nmdi'r the instrument less fragile ain! to simplify 
its manipulation Wilnjrgli n‘plac*ed the iiierci-iryuiiii.iioiiieff*r by 
a spring-manonu'ter {Idgs. I and n). Tlie instriiiiient ri^sts in ii 
round mental box with hc'avy bottom tub to wiitrlt tin* jior- 
(‘(‘lain pyromei(‘r-tulK‘ irV) is screwed, the siiiiii* us in ifn* other 
inst.nmumts. In tJu* interior of the* bix is ii leiitifuilur shiiped 
m(‘tal vesHid I-'b which can I pressed togellieiy ami will regiitn 
its original shapi* whem the pressure is reltaiseiL 



Tlll^J M h'ASUia^JM KXr Oh' Illdll TEMPEKATiniKt^ 49 


Fa(‘inf>; plat.c' a is a niolal platen />, lu'ld in position l)y a 
cylindrical bearing; it is provided with a capillary tube. As the 
kniticuhir shiipcMl v('ss(‘l contains opcniings corre^sponding to the 
two capilhuy tubes, V and K' are brought into conuuunication 
with (wh oth(‘r and wit^h the outer air. 

A nu'tal support, fasbuKHl to the box, carries a shaft e, 
which s(‘rv('s to (*()inpr(\ss tlu^ V(nss(‘1 l\ through a short lever- 
arui A, whi(‘h is (*onn('ct(‘d to the rod .s. By turning the. sliaft 
tlu^ opening in tlu^ capillary tube is (‘1os(h1 and tlu^ plate h 
pr(\ss(Hl against th(‘ haiticailar v(\ss(^l (‘.oni[)r('ssing tlu^. air 
and forcing it into tlu^ bulb V of th(‘, pyronudx'r. 

TIh' capillary tulx' in the hub d is (‘onnecbMl with the 
nianoni(‘ter-spring by nu'ans of a fiiu^ lead tub('. ///. By nieans 
of g(ar(‘d wIuM'ls th(^ spring transmits to a pointer the motion 
(‘ausc'd by tlu‘. incix'ascul pn^ssure. 

Th(^ shaft e is turru^l by nuans of a forked lover-arm pro- 
vid('d with a knob A. 

If no measur(‘m(‘nt of t(‘mp(‘rature is ()eing mad(^ the air- 
volumes V and Par(^ in communication with the atmosphere, 
and tlie rod ,s does not close the (capillary tulxx A spiral 
spring (not shown in the figure) is arrangecl to hold the lever 
in tlu^ i)osition shown in Fig. 4, 

4'he t(‘mp(n*atur(vscale of the instrument is arranged for air- 
bmiperatun^ of (F (t If th(‘ lattcu’ is F, the air-volume to be 
pressc'd into th(‘ pyronudcM-bulb is simply increased to 
(1 I (xt) Kb wlKux'by th(' same valu(^ is obtained as if t were 
(P (-. A (‘hange of tlu^ barom(4i<*. lu'ight // has tlu' opposite 
(‘ffec't, so that F' has to b(' decr(‘as(‘d as tlu'. baronu'tric pressure 
incr(*as(\s if tlu^ s(‘ale is to giv(^ coru'ct readings. Temperature 
and l)arom(d.ri(^ h(‘ight, a(*c.ording to the law of Boyk'-day- 
laissac, bear a c(n‘tain fixed ratio to ('ach other, so that, for 
instamas to compemsate for an imnxaise oi the barometic height 
of 7S mm., tlu' volume P has to (k'crease as mu(4i as though the 
tcmii)('rat.ure liad fallcm 30 (k^grees. Tlic'refore one single scale 
can be used for reducing the volume P. 

To accomplish this n^sult the bearing d is provided with 
a moval)le collar //, one end of whi(‘.h presses against a })ro- 
jection of/, while tlu' o])posite end is helical in form, and fits a 
corresjxnuling helix on the pivot plate h. By turning the 
(a)ver of the instrument, which is connected with the ring by 
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the rods n aiul o, the collnr (j is niis('il or lowc'reil, wIutcIw a 
change of volume of tlu' v('ss('l T' is (‘neefed. 

In addition to tlui scak^ of U'liifa'ralure (0" to I lOO ’ ( i , the ilial 
of the instrument is jirovid('(l with a small aneroid Itaromelt'r 
Q, a thermometer /h a scak' {from to Till) mm.) lor eurreet- 
ing the barometric pressure, and a temperaturi- eorriauioii 
.scale attached to a ring K. (kirn'ction for temperature and 
barometric [rressurc! (i.c. sc'tting the instrimamt to the- air- 
temperature and pressunO, is ma.de by n'ading the thermom 
eter P and the barometer Q, then turning the ring K so that 
the temperature and baronudie readings on both scales coincide. 

If a measurement of temperature is to 1«> made, first of all 
the ring E is turned into the right position, i.r. the instnuuetd 
is set to (“.orrespond with tluc air temperatun' and barometric 
height. Then the. k;v(T (! is drawn forward as far as possi- 
ble, until the pointer sto])s moving and stands .still. 'I’lien 
the rod .s Ls pre.s.se(l down, tlie opeming of the ca|iillary tula* 
closed and the hub d |)res.s{'d down with the itietallie liisk: 
the ve.ssel V' is compressc'd so that tlu' air is pressed into the 
pyrometer-bulb V. Tlac air-pre.ssur(c so obtaiiieii is trans- 
mitted through tluc lead-tidM' m. to thi' m.anoinetiT spring. 
The latter theix clumgccs its position and sets the hand 'A in 
motion. 

After reading the teinix'rature the lever (! is released. 
It jumps back, partly on acecaxnt of the elasticity of the vessel 
V, partly because! of the spiral spring that is fastened to the 
shaft e; and the poinU'r goc's to fh(! zero-mark. 'I’his mtais- 
urement cjan be |)erformed in a huv .seconds. 

The lover-arm 0 (which is forkecl and elastic) cai! x'asily Is* 
taken off the shaft and removc'd, thus prewumting tlu* u.se of tlu* 
instrument by unskillcKl pemons. 

In order to render the porcc'hiin tulH* less fragik*. atul to Is* 
able to expo.se the tube directly to high tetniH*ratures without 
danger of cracking and breaking, it is covered witli jistn'sbxH 
and packed into a shect-inm tulxe, the lattt'r lM!ing coated with 
fire-clay, (inartz and unburned. (!lay. 

Both constmetions of WilKxrgh’s air-pyrometer can l«‘ Ixonght 
from Dr. Geissler’s Hucco.ssor in Bontx. 

Of the other practical air-pyrometers we may mention the 
pyrometer of K. V. Karlander (can bo Ixought from Otto Meyer- 
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■Mill in SlocklinlnO jukI of A. Si(>g(>r niid Walter Duerr (can 
he hmiglit from Alplinnse Custoilis in I)iiss<'l(lnrr). 

'rh<‘ air thennonietcr is not. only used in pracl.ici', hut, also 
to a ip'eat. evtent as a standard for calihratinj!; ot.la'r 
instniinents. For this purpose a nnniher of va-ry ('xacl. 
teniperat nre -deterininat ions were made' with th(' air-t.lu'rinoni- 
eler, a nninlMW of which are }>:iven in Tahh? VII : 


I'Alil.K VII. 

\cei iiAtin.v iiKTiaiMiN'no noji.isa; ,\m) Mni/rixc coints. 



' Htilliuu j; Stihutuiu-f. 

i 1 

Hailinfj I*<>tn(. 

Sulphur 

; Ih'K. tVnt 

^ 21H 

i m \ 

Sulphur { ) 
Zinc ...... .... 

i)fK. (Val . 
44H 

1)21 

1 m ^ 

! 1 


NtjImUsiirr 

j Mi’ll urn l*tB{ii. 

1 

i MuhHlitrHT. 

i 

Mcltlm: Poiiii, 

C hulfittutli 

Uvml 

Xiur 

All! unttuv 
Aluniitiiiun 

! t'l’Ul. 

1 :V217 

1 :i2n M 

1 4H1 0 

! n:m n 

! h57 

i 

1 

i Silver (in air). j 

j Silvur (pure) ' 

1 ( Jnld , , . . . 

! (Ntppcr ( in nin | 

(’njipcr (purr) 

i i 

Ihll, . 

955 

961.5 
1063.5 
1064.9 
10H4. 1 


The .specilic heat of platinum iMdAvecn 0" and 1200“ (h was also 
found hy calorimetry; 

fV O.O.’tl? 1 O.OOOOOti/.. 

I wn.s iletermiiM-d hy means of an air-pyrometer. 

Daniel Bert helot has lately hy an ingenious metliod elimi- 
nated tfie error enu.setl hy tlw* permeahility and t‘xpansi<in of 
till' easting, hy determining optically the deirsity of the heated 
air at atmospheric preasure. and therefrom calculating the 
temperature hy mean.s of the gu.s-(M|UHtion. liy this method he 
found 

The melting point of silviT to Ik* 002° (h, 

The melting point of gold to Ik* 1004° (A, 

which iign*es exactly with the values givt*n alxrve. 
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5. Klmgliwfiuier's lli<ilpolasiuiv(vr f>). 'Fliis iiistruiiK'nt , 

whi(‘li can ()o used up to about SOI) ([(‘griHS, nu‘asures the vu|hu‘ 
tension of different hhiuids. It coiisists of a tube* etuiiainin^ 
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the liquid and a tuanoitietxu’. The* hdlowiiig sttbsiancav an* 
used as the aetiv(‘ inediutn: 


LicUiid car!)on dioxidee . , 
Licjuid Hidphur dioxide. . . 

Ether (free of water) 

Distilled wak^r 

Heavy hydrocarhoiiH 

Mercury*. , 


1 “ Off? OrJii 


m tu 

1 12 

10 

1 Hill 

! :m 

I 1211 

f ICIO 

1 22fi 

1 2111 

1 :ltlti 

1 357 

1 7m 


Moroury is ('Hpocially suitable, siiiee its iiiuleeules eniisist tif 
single atoms, whitOi make tlu' internal work very sijiiiile. 

This pyrometer lias to be gradually heated to the temiier- 
aturc to be measured, in order to pn*vent injury to the appa- 
ratus. 
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PYROMETRY {Continuni), 

(>. Pt/rorNeirrs ni iNurli the J)isil)iliiif of di(feTcnt mhM(m,cei< is 
utdiii'd for fNvosuri ntj Irnipcrohircs, All t.lH‘S(‘ pyronK'tc'rs liav(‘ 
(hf* <lisjulvun(aji:(‘ id only allowing th(* (l(‘t(‘rniinati()n of con- 
stuJit or risinii^ t(Mn|H*rat unss or of t(‘in[)(‘rutur('»inaxiinunis; hut 
tlu\V art^ liot suitable* lor tlu* ohsorvatiou of totnporaiiin'- 
(’banjos tup and down), which an* rr(‘{iu(*ntly of coinincrcial 
importance*. 

(a) Princ(*p*s alloys: 

'rh<*st* arc alloys of gold and silver, or of gold and plati- 
fuim, the mt‘lting point (»f which was d(*t(*nnined by Erhard 
and Schertel by nu'aiis id an a.ir“pyrom(‘t.(*r. These* (l(‘ter™ 
minations an* slanvn in Table* VTIL 
11 h* e*rr(n‘ of the^se* d(*(t*nninations of the* nu'lting point is 
gt*ne*rally !t*ss than 20 d(‘gn*(*s, but. in me)st (‘uses it is ve'ty 
mm*h sinallt‘r. din* above* mc'lting |)e>ints we‘re* actually 
me*asure*ei up to I by the* nir“th(*rmom<‘te‘r; the higher 

values weal* <h*tennin(*el by graphic int(*rpolation by using the* 
mi*ltiiig ieinpe*ratun* e^f platimnn as foutul by \'ie>lle. 

An important re‘(|uin*me*nt for teriipe*ratur(Ml(»t(‘nninations 
by this metlmd is the* use* of suflie^it'ntly pure* medal for 
Pritaa^p’s alltiys. It. is, tlH*rcfea*<*, of advantage* to prepare tlieiti 
in a state* of suf!h*ie*nt purity or to obtain ilitan from a re*liahle 
Heiun*!*. Erliard anel »H(*he*rtel <d)tain(*d the* pun* mc‘tals as fob 
hnvs: Tlie silver was iin’e*ipitnte*el from dilutc*d ammoniaeal solu- 
thin by amiiiemium-Hulphide; gedd was, afte‘r pri*eipitation by 
stil|iliiiie eif iron, transfonen*d into stHlium-gold-(*hloride anel 
from till* soluiieai tla* pure erystals pr(*cipitate<l by mcains of 
oxarn* iw’id. !*or inirifying tlu* platinum, [elatininu-salaeturioniae. 
was trciited (ata^onling tee (dans) with Hulphure*ttc*d hydrogen- 
Hotutieiii, for retlucing iriditim to seHeiuiediloride*. The sponge 
ob.taint*il from tla^ platinunj-salammoniae (free of iridimn) was 

TVio 


54 


HEAT ESEEdV ASi> FVKl.S 


niixtiuus can advantageously be prepartMl by u>ing wirt's iuad(‘ 
out of the pure nictals. A i nun. \virc‘ can bn made even nut iA 
pure gold or silvcvr. Tluui tlu‘ lengtli ol win* requiretl for 
each case is caknilated. This is inon* (‘nnvtmieiit aial lutUH* 
correct than direct weighing, since only from it) tn t gram of 
an alloy is r('<(uir(Hl for a det(u*mination, and vvtni if a larger 
stock of alloys is to U(^ nuuhn tlu* |)n‘j)aration in small tfuan- 
tities will yi(dd Ji mon* uniform produet. 

TAHLK VIII, 

MKI/riN'e, l‘OINTS OF AIJ.OVS 
< AUoy'«. 


Silv(T. I Oolil, I Mr!ni»i: 

J\;r C(‘ut. j For n*ut. 0 < i|. 

100 i ; !Jfi 4 

80 20 1175 

60 40 IHIfi 

40 i\0 ] 1020 

20 80 I 1045 

1 00 \ 1075 


OoldUMnUuuni N 


Uold. 

1 riHliimiu, 

IVr 

l’'fr cfiit 

300 


95 

5 

90 

10 

85 

15 : 

80 

20 1 

75 

25 

70 

30 i 

65 

35 

60 ’ 

40 

65 

45 S 

50 

50 ! 

45 

55 i 

40 

60 ! 

36 

65 1 

30 

70 

25 

75 

20 

80 5 

15 

85 i 

ID 

00 1 

5 

95 


100 




1075 
I lOCi 
lliici 
I I till 
I mil 
1220 
1255 
1285 

i:rio 

i:i50 
i:i 8 i 
1420 
1 4110 
1 4115 
is:i5 
irmi 
lino 
mm 

liio 

1730 

1775 
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Thi' alldvs arc nuuh' liy melting the metals upon chalk l)y 
means of a blow -pipe-llanie, which ^ives suHici(mt heat for the 
silver-p:olil alloys; lor ineltiiif^ tiu! platinum-gold alloys a gas- 
oxygt'u Ihune or a llanu* ohtaiiu'd by blowing oxygen into a 
burning niixtuiv of 1! volunu's etlu'r and 1 volume' alcohol has 
to be used. For preventing the volatiliisation of gold, the 
platinum-gold alloys ar(‘ iael(,ed as far as possible* with the 
ordinary blow pipe* llame*, anel the*n lor (*e)mpl(*t(* m(*lting 
(‘Xpeise'el fetr a lew see*einels te» a.n eixyge*n-l)lust. 

'I’lie* tueilte'ii ine'tal be*aels wh(*n epiie-kly e*e)e)h*el show a fine 
ery.stalline' .strue*ture*, and whe*n sleewly e*e)eile‘el a (*e)arse crystal- 
line* surface of ne'tlike* strue-ture*. They have* a remarkable 
ine'linatiein feu* ele*mixing (s(*parating), which is ac(*omj)aiu('(l by 
the preMluetiein e>f a y(*lle)\v e'e»le)r, leeet.h after’ slowly eeioling and 
after heating for seiuie* lim<* at a (e*nip(*rature near the melting 
point. In this e-ase* the* hammer(*el surfae’c is crystalline, and 
shtiw.s a yellenvish inst(*ael eif gray <*eile)r. Thee alloys with from 
ir> to 10 pe*r cent, e»f platinum sheew this variability fr(*(iuently 
to a niiirkeel eiegri*(‘; th<*y have then to bee r(*melt(*el in thee oxy- 
hyelreege-n-llame*. 'I'he* alleiys eef gedel and silver alsei beeeeune 
crystalline* unele*r the'.se cemelitieens, but the*ir surfae'c remains 
smeieith nnel slmws emly meere* or le*ss brilliant peirts. 

After ine-lting the* alletys are* lK‘ate*n Hat with a hammer anei 
expe».se*il te> the* te*mpt*niture* te» Ik* me*usure*el in a e'upeela made 
e)f {ir(‘-e*lay mixe*ei with eiuartz. I)ire*e*t e'eentaeet with reulueeing 
flanie*s ha.s tee Ik* ave)iele*et, etUierwise a thin e*e)ating of slag is 
fofJiie’ei wliie'h e’e)nsiele*rably le)we*rs the* melting peiint. Mxperi- 
nie*nts have* sheewn that in Hue*h Ji e*iise an alleey eeentaining 47 
per e*e*nt etf platinum, that shotdel melt at li'{(>4“ C., sheeweal a 
me*lting peiint e>f only 1247 ele‘gn*e*s. This is preebably elue te) 
the* alwirptietn etf silie’etn, anel the'refore* it is mamsary, if a 
re*elueing flame w b> Ite* u.se*el, tet u.se‘ a e*u[)e)la-hase! fre'e eif ejuarte, 
e*it!u*r of pure* magtu'sia en* jture* e*iay. 

ill) H<*g«‘r-ee»n«*H: 

'I’he'se* aret mixtnre*s etf epuirte, kae)lin, white marblet and 
felstifir, aJid are* prepan'el by me/istening the dry mixture with a 
aethition etf araltie* gum, fonning it inte) triangular pyramids 
0 etn. high, the* sieies of the base Ixnng L5 cm. long. For lower 
tt*tnperatim*s part etf the kaolin is replaceal by ferric oxide. 
Thee “ceoaes, ” provided with a number at the top, are put into 
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a chuinottcHlish, which is l)n>n.i!:ht iiitn tlic mniii tif uhicli tin* 
tc^inponiiun^ is to Ih' lucasunMl. Tin* puint at which thr 
Ix^gins to softon (at which thi‘ sinkin.i!; :ip«’\ t«Hiflirs 
tlu^ (!hanioti,(‘“-l)as(‘) is takcai as mt*!ti!i^’ point. At liiithor tciu 
peratur(‘ the entin' c()ii(‘ iiu‘lts to^t^tlaa* into one niav-% 

TAULK IX. 

('OMCOSITION AND MKl/riNO lUMM'S <0 SI OO Jt Co\ | ;s 
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'r!u‘ points wnv found as follows: 

No. 1 ou'lfs al ti li(,t.!(‘ hi<j;ii(‘r t(Mnpera,t.ur(^ than Iho alloy 
with 90 p(‘r (‘out- ^’’old and 10 pea* (‘(‘nt platinum (molting point 
a-oounling to l^aiianl a,nd Solua‘t(‘l 11I^(P(\); its meriting point 
was I lH‘fc*for(‘ assuuKHl (o Ih‘ lloO'Ml 

Ha. 20 !iH‘lts at a, lowta* ttanp(‘raturt‘ than platinum; tlio 
nahting point- was t h(‘r<‘for(‘ ('stimaUal to 1)(‘ 170(P(2 

Assuming, fui'tla'nnong that tlu' m(‘H,ing points of the 20 
(•oiH‘s follow(‘d ('ach otlua* a.t (‘quaJ inUnaails (which is actually 
iHd cornsd) tin' intnrval h(‘tw(‘(‘n two nu^lt/mg j)oints following 
(au'h otlu'r is cahailatcd thus: 


1700 1150 

10 


2S.0 d(‘gre('s. 


Cnanpositiou of tlu‘ pyros(*op(‘s of higher numl)ers of Seger 
ar(‘ givem in d ahl(‘ X. 


TAHLK X. 


OOMCOSITKJN* OF nVItOSrol‘KS OF HHUIKH. NUMIVRHH. (Hcwt.) 
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I )irfor{aic(o 0.5 ALOj, 5 SKR. 


1 )i{T(‘ri‘a(un 0.6 Al/).,, 6 SiO^. 


(’ramca* lias nuult* melting cones for measuring lower tem- 
p<*ratureH in the* brick industry. Tliey euin be liought in two 
mmm (0 anel 10 cm. high) from the Itoyiil Forcedain Factory in 
(diarlotteidnirg or from the (dK‘mic.al .Laboratory for Clay 
IndiiHiry^ Be*r!in, N. W.^ Krenus str. (>. 
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TABLK XI. 

COMPOSTTION OF PYR()H(K)PKH FOR I.OW TFMPFRATUUKH. 


Nr 


01 

02 

03 

04 

05 

06 

07 

08 
09 

010 

011 

012 

013 

014 

015 

016 

017 

018 

019 

020 
021 
022 


C. Biachof, who thorouglily invoatigatoi pyroHc^ofien, 

found even the highest melting point far Ixdow that of melting 
platinum. The melting poinis of Nob. 13, 14, 15 and mmi 17 
are only slightly above that of melting palliwlium {15(Mf Cl); 
furthermore these pyroHcofie^ show variouH irregularitie» anioiig 
themselves. However, not withstanding these defects the Cimtml 
Association of German Manufactim^rs reecmmicmded the official 
adoption of the Seger-cones, Marcli 28, lfK)4. 

The table on following page contains some new data n^ktiva 
to the melting temperatures of all thtue coim^b (nitwured with 
Le Chatelier pyrometer). 

Only the following of these melting {KiintH an* correctly 
determined: Nr. 022 melts at dark red glow, Nr. OK) at tlie 
melting point of silver, Nr..l near the malting point of an alloy 
containing 90 per cent gold and 10 per cent platinum, Nr. 10 at 
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( lie iKihit, where h'l.spar hejiiiis to soften, and Nr. .‘tt; at about the 
laeithi^ point ol platinum. 'PIk* otlu'r tc'inpc'ratim'H are only 
approximate. 


TABI,K XII. 


\'r. 

I H i: fVnf 

sd IHON'TS 

Nr. 

IH*k. (Vnt, r Nr. 

!: 

IhTt. iVlit 

(^22 

filH) 

02 

nio 

i 

1510 

021 

020 

i 01 

n:m 

1 20 

1530 

020 

1150 

1 

1150 

i 21 

1550 

Oil) 

OHO 

1 2 

1170 

i 22 

1570 

OIK 

7U) 

! 3 

noo 

! 23 

1590 

(117 

740 

! 4 

1210 

i 24 

1010 

010 

770 

i ^ 

12:10 

1 25 

1630 

01 f» 

HOC) 


1250 

! 20 

1050 

014 

! Him 

! 7 

1270 

: 27 

1670 

01 a 

800 ! 

H 

1200 

2H 

1090 

012 

HOC) 

0 

i:iiD 

20 

1710 

oil 

1)20 

! 10 

13:10 

:i0 

1730 

010 

050 

: n 

1350 

: 31 

1750 

01) 

070 

i 12 

1370 

! 32 

1770 

OK 1 

000 

* 12 

1300 

33 

1700 

07 ^ 

1010 

14 

1410 

34 

1810 

Oil 

10:10 ! 

15 1 

^ 14:10 

35 

I8:i0 

05 

1050 

10 

1450 

30 

1850 

04 

1070 

17 

1470 

38 

1890 

o:i 

1000 

IH 1 

1400 




7. ('aloriinetrw fti/rotneUrs. With these instruitionts the* 
temperatun* is derived fntm tlu^ (piantity of heat that is 
given off by a lieated l«Mly when cooling off' in the (ialorimeter. 
'I’liis nH*tiu«l was strongly nHanninended by Pouillet, Ilhgnault, 
Canielley, Violle and others, and introducesl into industrial 
practitse by Weinliolti, Fiodier and others. 

In order to KHluee the rtidiation lieat losses from the calo- 
rimeter to a minimum, the instrument is so designed that it 
lH‘(?om<'H only slightly lieatel. In an apparatus to 1x5 used for 
Hei<5ntifi<' purixwes tho temperature riHt5 of the calorimeter is 
measurixl by a mercury thermometer (iomprising 2 degrees 
and dividetl into degrees. 

At first an iron (5ylinder was used as the thermometric sub- 
stmice, U., the sulwtance which giv<» off the heat to be measured 
in the calorimeter. The use of iron, however, proved to be 
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ujisa.t.isfa(*t4)ry on at'connt of its (‘asy oxiclation and of its noti- 
uniform (‘ooling. If \v(‘ (nk(‘ tlu* h(‘at givcm ofT and th(‘ Unn- 
jKU'ature as (‘o-ordinaUss, wo obtain a v\\v\‘v with two points of 
iufl(‘xi()n, (*orr(‘sponding to tlu‘ all<dn»pi{* (’hang<‘ ai stat(‘ of 
ih(‘ iron. This shows that tho iomporaturt\s (*ul(‘ulat(Hl cotild 
not 1 k‘ (*.orre(*t. 

This is the n^ason why platinum suhstan(‘C‘s and a nHU’ciiry- 
ih(‘rmomeU'r divid(‘d iri dognxss aro us<h1 in laboratori(\s, 
and in the industric's a niek(‘beylindc*r (tlu‘ luaiting of this 
metal is very n'gular) and a m(‘r(*ury~th(u*mom(‘t(‘r divid(*d iti 
iV d(‘gr('es whose seaks tlunxd'ore, can 1 h‘ Iarg(‘r. A rist^ of 
about otP (I in the ealorinud(T4(mip(‘ratur{‘ is sufiieieiitly c‘xac‘t 
for practical [)urpos(‘s. The nickel-cylindc‘r is put int(^ a small 
pipe of fire-proof material, fittc'd with a rtunmaible iron handle. 
After the pipe with the cyliiider has be(‘n in tlu* furnata* whose* 
tem|)erature is to Ik* nuaisunal for fifteem !ninut(*s* one can In* 
sure that et|uilibnum of Unnperature Ims hnni esstalTislied. 
The pipe is now taken out of the furnacc% emptied into the 
cal()rimet(‘r, the (‘alorimeter«wat(T stirrcxl and the* inc*rc*ase of 
temperature nad and n*conieib 

Tlu* following tc‘sts made by the* ('ompagifn* Parisienne du 
(hv/jO show the regularity of the heating law ft^r nickel: 

KV - 50.5 03.5 K0.5 Um 117.5 134 I/H) KMi 
t « 40(P 50(f 7(Kf H(Mf <MKf KKK)'' IHMf I2(Kf 

We give below a few^ melting temiK'ratim*s determined by 
Violle and also by IIoll)orn and I)ay. 


TABU*: xni. 

MKLTINO nnXVH OF METALS. 
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MHiiL i 


ItiilUuru iiwl 

Oiiy. 

Hilver. , . , . 

mi 

um [ 

HIM 

IW 

177a i 

lift! i 

1084 

I06i 

IS00 

17S0 

Cold 

Copper. 

I’^iuladium. ... . 

Platinum 
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Below w(i (lcs<Tibc a few pyro-caloriineterH that were con- 
strucited for practical ui^e. 

The. latest tyf)e of Weinhokl’s pyrometer for determining 
high temp(u-atures is illustrated in Fig. 7. The calorimeter- 
vessel prop(ir (XJ is made of thin sheet brass. It holds about 
1 Kg of wat(!r, is cylindrical at the bottom and conical at 



Ftd. 7. — Pyrouiotor. 


the top. Tlie ratio of the height to the diameter is so chosen 
as to tnak(i the surface as small as possible, in order to reduce to 
a minimum the loss or gain of heat by radiation or conduc- 
tion. A cylindrical vessel of tin-plate BE with a loose conical 
(^over DO surrounds the calorimeter- vessel, which is carried 
by three cork-pieces, cemented into BE, and so arranged as to 
maintain a space of 1 cm. between the walls of the containing 
vessel and the calorimeter. BE is fastened in a wooden box 
HH. As wood and still air are very poor conductors of heat, 
and as bright sheet metal prevents radiation of heat, by this 
method an excellent heat-insulation is effected. The center 
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H, (‘imiliititig (for 7), t iii 1* Hrti» Wlri» 

H(i that th(! pulh'v call Ih' attaclutl. Hy iiH*aiia of a cohI 
paHHitig over three gnult'-iailleyH amt a crank whci*!, attachal 
to tha outHuift of ttu* wiKKtcn 1 m » x , li can !«• rapuUy rotiitol.; 
The lively circulation of water causiMl therehy fjwnliPttcs* the 
equaliaation of the temjHTaturc in the calorimeter. The; 
thennometer T ih provitltal with a wale ilividtHl in O.I (legr«*(‘H,! 
on whicih, however, (1.01 tlegrtu's can lai wtitnat«l. 'f'he thitr 
cylindrical mereury-rt?Hervoir of the tlierrnometer {f»0 00; 

mm. ’a long) extends nearly the entire height of the calorimeter. | 
The hot metal ball is kept in the braiw>wirt‘ l>aiiket (Mg. 9).| 


one of the three cylitulricul opi*ning.'« m the caloriiuetcr- 
vcK.sel serves for introducing the inctul bull, which is bored 
through iti three directions perpendicular to each oth(*r. The 
thennouK'ter T is inserted through a <’ork in thi‘ shortest lu'ck. 
Tlie .shaft of the circulating device H is inserted through th(' 
narrow ui'ck. This devii'c (Kig. N) consists of an impeller witli 
six incliiH'd paddles which niovi' in ji slim brass (uIh*, opmi at 
the top and tin* l«(ttoin. Its .shaft is rectangular at the top, 
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tiho cover open — is let down into the neck of the calorimeter, 
the cover — and also the basket — remain hanging upon the 
edge of the neck. If now the ball is allowed to fall through 
the neck, it hits the pin and thereby closes the cover. This 
causes the basket with the ball to fall upon the bottom of the 
calorimeter, so that finally the cover almost touches the surface 
of the water, which, before putting in the basket and the ball, 
should reach to the lower edge of the neck. To assure the right 
amount of water in the calorimeter, a pipette is used, which is 
fastened to a disk of metal, wood, or cork, so that its lower end 
is exactly flusli with the entry of the neck to the calorimeter. 
At first water is put in until it stands a few millimeters high in 
the neck, then the disk of the pipette is laid upon the edge of 
tire neck and the excess water sucked out. 

By throwing the hot ball into the calorimeter not only the 
water contained in the latter but also the calorimeter-vessel is 
heated up. To determine the (luantity of heat absorbed by the 
instrument, the quantity of heat absorbed by the vessel has also 
to be considered. .This is done by ascertaining the quantity 
of water that would be necessary to absorb the same quantity of 
heat as the calorimeter, i.e., by determining the water-value of 
the calorimeter. For this purpose the brass calorimeter-vessel, 
together with the stirring arrangement and the basket K (but 
without the pulley S and thermometer T with cork) is weighed in 
a dry state. The weight found, multiplied by the specific heat 
of brass (0.095), {^ves the water-value of the empty calorimeter. 
The water-value of the thermometer is difficult to find, but can 
be neglected on account of the small quantity involved. After 
inserting the thermometer with the cork the apparatus is weighed 
a second time, and finally after putting in the cooling water it is 
weighed for the third time. The difference of the second and 
third weight gives the water content of the calorimeter. The 
water-value of the filled calorimeter is the sum of this water 
content and the water-value of the empty calorimeter. If, for 
instance, the empty calorimeter without thermometer weighs 
210 g., with thermometer 236 g., with water 1240 g., we have: 


Water value of the empty calorimeter « 210 X 0.095 « 19.95 g. 

Water content of the calorimeter - 1240 - 236 « 1004.00 g. 

Water value of the filled calorimeter « 1004 + 19.95 « 1023.95 g. 
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Tli(! wilU'r-vahu' of the (-niiity caloniuctor is more cotivc'nHaitly 
(Ic.U'nniiu'il by putting into tlu‘ iuslruniont a \V(‘ighf<l (luautity 
(,f wab'r, tlien throwing in a tost ball of a oortain tonii«oraturo 
(for instanco 100° 0.) and mojisuring the inoroaso of li'inporatun'. 
If \v(' divide the boat givc'ii olT by th<‘ ball by the incroasc* oi toui- 
perature and doduct thorofroni (h(‘ weight of the ealoriineter, we 
obtain the water-value of the dry instrunient. 

The balls us('d wc'igh from (iO to SO g. For introdueing them 
into the si)a('e, tlu^ tempi'raturc' of which is to Ik* measur(‘d. a 
pair of tongs made of lu'avy iron wire or bar iron, provide<l with 
cup-shaped jaws, is used (Fig. 10), or a s()oon with rover, and fitt<’d 



t'la. 10. — Tongue. t'ai. U . — Hihk.ii. 


with a long handle (Fig. 1 1). The weight of the hill has to 1 k‘ 
determini'd liefore use. If the lialls are of tlu' size mentioiaal it 
is suHictiently accurate to weigh to thi* nc>arest decigrams. 

WIk'u using, tlu^ calorimeli'r is Idled with Iresh water, the wire 
basl<('t put in, and imnu'diutely hd'ore in.^erting tlie ball 
the circulation device' is startl'd, and k('pt in motion until the 
thermometer shows a constant ti'inperatun'. which is reml and 
recorded (initial temperaturi' of the calorimi'ter). When intro- 
ducing the ball, care has to be taken not to injure the thennona'ter 
and the driving cord of the circulation device. Directly after 
throwing in the hall, tlie circulation device is worki'd until the 
thermometer Ixtcomes stationary when the temiK>rattire ilinal 
temperature) is read and recorded. 

ThedilTcrence between initial and final tem|«>rature multiplied 
by the water-value, of the filUnl calorimeter ex|at‘ssiHl in kilo- 
grams— -gives the heat-ijuantity tin calories) iransmittwl from 
the ball to the calorimi'ter. Thert'from the c|uantily of heat 
gjiven off by a I Kg. ball is caleulattHl, and by comparing this 
figure with a table in which the heat (c. t.) is caleulattHl from 
the specific heat of the metal, the ternix'rature is foimtl. 

Considerably simpler in construction is the ealorimi'ter of I>r. 
Ferdinand Fischer (kdg. 12). The eylinder ri, which is matlo of 
thin copper plate and has a diameter of 500 mm., is sU8f»ndwl 
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ill tlir WiHHhii bnsi' />. Tlu' Hpact* Ih^Iwcmmi both is filled with 
librtnis nsbesius or mineral \V(«>L dlu' apparatus is (*1os(h1 liy a 
thin brass or eopper plat«% having a larf>:(‘ optming d (20 nun. 
dinm.^ tnr the stirrcu* e and for Ihnavin^ in t.lu' nuMal eylind(U’, 
and a small openin^C h>** the* tlauinonK'U'r 5, which is a normal 


thtumiometm* built by ( i<*issh*r 
in Bonn. It has a very small 
mereury roservenr: its siade has 
a. rnny,e of from If* to and 

is tlivided intt) (1. 1 dej^n'es. so 
tliiit fIJU di‘^r<‘es ean (*asily 1 h‘ 
eslimattHl ; a strap a of thin cop- 
per plate protends it from Inanip; 




iartrlir'.r« C’latiriiittai^r, Idti, 1.1, --■> HifHuuw Wnivv eynim«lc‘r. 


httjktsti by th(* 8tir«*r. 'I’hn nt irmr coUHistH of a round coppor diuk, 
fioldurtsl in a coppi'r rod. Thu lattor w molbnl into a glaws nxl, 
ttiai «n-VfH sw handle. If. for itiHtance, thi‘ c.opiM'r vesw‘1 weigh 
g., the ntiwu' without gla.H.H hkI wtngh (i.t 4") g,, then the 
wntij'r-vidue of the enlorinmteriHO.ODi I- (>.44'j) « d.OS g., 

iiu-hidiJig tlH‘ thc^rmouieter alHiut 4 g. If the calorimeter water 
weigh 24<l g., the water-value of the filled calorimeter is 250 g. 
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For measuring the temperature doubly hon'd cyluulei-s of plati- 
num, wrought iron or nickel are used. For the first case, /'.e., with 
platinum cylinders weighing 20 g., such a <iuantity of water is 
put in that the total water-valiu! amounts to alKiiit I2d g., with 
the two other metals to twice that amount. In a iiuumer similar 
to that given above the. cyliiuh'rs an* exposed in tiu' medium 
the temperature of wliich is to mejisured and thrown into the 
calorimeter through the cover opening d. 'I’he cyliniler fidls 
upon the disk of the stirrer, and now by raising and lowc'ring t h<' 
latter a uniform heating of the calorimeter- water is efTected, so 
that at the end of about one minute the tlu'rmometer ri'acht's 
the final temperature. 

No corrections are made for evaporation of water or heat 
transmission by radiation or conductivity, as the eva{«»raf ion is 
extremely small and the insulation of the calorimeter [K’rfe<’t. 
If the calorimeter-water reacluw a temiK'ratum of aliout 10 de- 
grees it has to be changed. The calculation of the tenijK'ratim! 
is made as in the former casts. 

TABLE XIV. 

HKAT CAl'AniTIKH OV t’CATlXlTM. 





Imri. 



Platinum 







Accordlnji 






to Violle. 


Pion- 

Ko- 

rmm tli«^ 



POftt. 

chon. 


Avcriip' 






Htmni fir 






ll«*at 


cad. 

tml. 

ml. 

t'ttl . 

rill. 

100 

3.23 

10.8 

11. 0 

n.o 

10-8 

200 

6.58 

22,0 

22.6 

23,0 

-21 i 

300 

9.75 

35.0 

36,5 

37 0 

32 ...a 

400 

13.64 

39.5 

41.6 

42-0 

48-0 

500 

17.36 

67.5 

68.6 

69.6 

64.0 

600 

21.18 

86.0 

87.5 

84 0 

66-0 ' 

700 

25.13 

lOB.O 

111.5 

106 0 

76 0 

800 

29.20 

132.0 

137.0 

131 0 

87 0 

900 

33.39 

167.0 

167.6 

161. 6 

m 0 

1000 

37.7 

187.5 

179,0 

!73 0 

lOt 0 

aoo 

42.13 





1200 

46.65 





1300 

51.35 





1400 

56.14 





1500 

61.05 





1600 

66.08 

' ! ' ^ ! 




1700 

71.28 





1800 

76.50 






Nh-kul 


Pi«ni' 

Ky- 

rhitu 


ml- 

rill. 

tl-O 

It.O 

n.B i 

24.0 

42 0 ; 

:iT 0 

m 0 

Ml 11 

66 6 - 

i:i 6 

7H S 

71 11 

if 1 : 

tm ti 

lOT 0 

108 0 

123 II 

117 6 

i:i8 6 i 

i:i4 ft 


m II 


ti« 0 
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( )ti(> of th(‘ HimplcHt and oldest hut also most widely used instru- 
ments is tilt' water-pyroiiK-ter of (1. II. Hiemens (Mg. 13). It con- 
sists of a eo|ijH’r veKsel .1 holditig r)()8 eu. cm. of water. In order 
to reduce the lo,ss hy radiation it is surrounded hy two vessels, 
one In'ing filled with felt, tla* other being empty. The mercury 
therimniieter is protected l>y a perforaUsl metal-shell and has 
lH‘si<les tlw ordinary scale a movahh^ hra.ss scale c (similar to a 
vernier), that givc's the temperature directly without (alculation. 
,\fter tilling the eahirimeter with water the zero mark of the 
pyritineter-.seale is set upon th(‘ tempc'rature of water, as shown 
hy the mercury thennona'tc'r. A hollow coppc^r cylinder of a 
ctTtain heat-capacity is now e.KiKisc'd in the medium, the, tem- 
IM'rature of whicli is to 1 h' measun'd, and after n'lnaining there 
H) to ir» ininut«>s is thrown iiito tlui calorimeter-water. 

The t(*in|H>ratun* rcipiiri'd is obtained by adding to the tem- 
jK'rattm' n’lul off tlu* pyrometer-scale c, the teinjairature of the 
calorimeter-water, 'rhe manipulation of this instrument is there- 
fort' extn'inely simple, naturally at the expense of accuracy. 

For calculating tin* tempcmtim's the following data of the 
heat cajaiciticH of platinum, inni and nickel from 0 degrees to 
t degnseH can Iks used. 
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OpTICAI, MkI'IIODH ok TKMPKKATI'IiKS, 

Thk iiiHtruinonts u.sc'd for thi.s purpose an* based upon (lie 
relation between teinpc'rature and (‘mission of lif;ht from heated 
KulistamaiH. 

(а) If a substance is gradually lu'uted up. it starts at a (•(‘rtain 
temperature to emanate' light-rays, the brightne.ss of the latter 
inc.niasing with the temperature. 'I'he color of (he emanated 
light c.hang('s in a definite, manner with the temperature. In 
many industric's, after sonu* practice, tlu' approximate tempera- 
ture of a furiuK'e (‘an 1 k' (‘stimab'd with the nak(‘d (‘ve without 
any iustrumeuts, from the brightu(‘.ss of (la* glowing walls and 
the h(‘at('.d substama's. 

The old(‘st data r(‘lativ(' to tlu* t(*mperatur(‘ of th(‘s(‘ so-cnll(‘d 
glow-('olors were given by l’ouill(‘t. 

The temperatur(‘s of tlu* glow-colors hav(‘ l«‘(‘n d(‘termined by 
nu'ans of a Ix' Ohat(‘li(‘r-Pyrom('t('r, by .Maunsel \\'hit(‘ and K. W. 
'raylor, and by Howe, 'rhe table on following page contains the 
results of these inv(‘st.igationH. 

The extreme rays of tlu* sp(‘(‘trum show plaitdy tlu* (‘hang(‘s 
of brightimss and (‘,olor; l)ut the y(>llovv rays in the (‘(*nter, on 
acKiount of their Irrightness, eov(‘r up all the others. 'Hie e.xjM‘ri- 
ment was therefore tried of al»(orbing the latter by means of l>hte 
cobalt-glass. A glowing sulwtanee. viewx'd with such a glass, 
appears at rcdatively low t(*mp(‘ratur(' very itnl, atid at high 
bituperature strongly blue; thenet* with tlnis meth(Hl more 
reliable results are olitairuid tlian with tlx' nakcxl eyt*. 

(б) The optical pyrometer of IVh'surf' and Nouel (Figs. 14, 15) 
can be obtaiiKid from K. Dtieretet hi Paris. 

The direct observation of the glow-colors is rather difficult 
since it depends on individual {|ualificati(m and momentary dis- 
position. The eye can never determine th<‘ color slmdes with 

es 
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absolute' ('XuciiK'ss, boinff only able to ('stiiiiatc by coinparisoii. 
In a (lark furiiace-room the dark red of a luelting metal ean 
(‘asily !)(' taken as l)right iv.d, anil vice versa in a light room, so 
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that the rc'Hult of HU(‘-h ol)H(a’vatioTi varicH according to observer, 
light and time of obnervation. 

TABIJO XV. 

TEMPElUTlTHEa {K)HREHPONI)IN(J TO GLOW COLORS. 


P(m!llt»t. 


litmt (tolar. 


Gt‘nt 


Ht'giimiuK glow . 
Dark ml glow , . 
Bogin ruing 
chorry ml. 

D harry rotl. . . . . . 
Bright ohorry 
rod , 

Dark yallow. . . . 
Bright ycsllow. , , 


White glow. . . . . 
Bright white. , . . 

Daj«i«Iing whit(» ^ 


526 

700 

800 

900 

1000 

1100 

1200 


1300 

14001 

1600 ! 

to 

ISOO 


Uovvf. 


H(*Ht (blor. 


Firnt trace C in dark 
of viHiblc < 

rad (in day light 


Dark rad 


Full charry rad . 
Bright ra(l. .... 


Full yellow. 


Briglit ycdlow. 
White glow. . . 


(-CsUt. 


470 

476 

560 

to 

626 

700 

850 


950 

U) 

1000 

1060 

11601 


White and Taylor. 


Heat (blor. 


Dark red 

Dark cherry . . 

(Rierry red . . . . 
Bright cherry. 


Orange 

Bright orange 

Yellow 

Bright yellow 
White glow . . 


Dck. 

(ient. 


666 

636 

746 

843 

899 

941 

990 

1079 

1206 


The object of the pyronietric tube of Mesurfi and Nouel is 
the eoDraction of this defect; it allows the determination of the 
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tcjinperaturc of a .snlxstaiico l>y olKM'rvatioii aixl (‘tiahlcs 

us to (letenniiK? iiion' distinc.tly th(“ slia<l<’ of tho color. 

The api)aratuK is ImischI upon tlu' plictiomcnoii of circular 
polarization and consists mainly of two Nicol-prisms, the polarizer 
F and th(^ analyzer A. Ih'twcc'ii these two prisms is arran>?e<l a 
(juartz-disk Q, II mm. thick, split perpendicularly to the main- 
axis. At the zero jKisition of the instrument the planes of inei- 
dence of the two Nieol-prisms are perpendicular to cwdi other. 
The. c,orrectne.ss of tlu' po.sit,ion of th(‘ prisms can easily 1 h‘ 
vc^rified by taking otT M, and removing th(‘ (iuartz-<tisk. Oppo- 
site to the eye-piec(; L at tla^ otluT end of the tnlM> is the 
objective G, consisting of a plane-glass ora well-poli,shed diverg- 
ing glass. 

The following phenomenon can l>e olwerved by looking with 
this apparatus towards a source; of light. After passing through 
the Nicol-prism /' the light is {Hjlanztsl. Without a nuartz- 
plate, i.e. with thes second ({awiHuuUcular to the fiist) Nicol- 
prism following the first, this polarized light would !«• ndlecttHl 
by the cut surface of the Nicol-prism, and the field i>f view would 
appear dark. The cjuartz-plate, hovvenaT, enuses a turning t)f 
the plane of polarization that is proportional (according to Biot's 
law) to the thickness of the (luartz-plate and apfiroximately 
inversely proportional to tlie wave length of th<' ray (light). 
Thereby certain colors of the; 8|Kictruni an; (‘xtinguishtHl by 
interference, and a mixed coh^r is olw'rvt'd in the apparatus, de- 
pending on the tomperatim; of the luminous iKsly. By turning 
the analyzer the mixed color is ehan^nl, and whenever theinstni- 
rnent is set upon the satne color-shiuie tht; tenijK'rature of the 
substance under olwervation oui lx* infernal fr«>ni the fH)sition of 
the polarizer. For this imrjKise the analyzer inside the tulx> is 
made so that it can be rotated. For nutjisuring the displacement 
angle the instrument has a fixed mark / aiitl is providt‘d with a 
scale that can to rotated with the ey(*-piec«; and the analyzer. 
Since the length of the wave of the emittwl light varies with tla* 
temperature, by slowly turning the analyzes eertaiii colons that 
are changing with the tempemture of the luminous Ixxly can to; 
observed. The change from one color to another (*orr(*s{K>nd8 to 
a certain displacement-angle, varying with the temi«‘mtuK* of 
the glowing sutotance. 

Hereby we arrive at a position where the color, by the aligltUwt 
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further i-otation, (‘liauges (luic.kly from blue to red. Between 
tliesc'; two colors is obscuwed a purple-violet shade formed by the 
most (^xtreuH^ rays of tlie spectrum; this shade is character- 
istics for measuring thcs angle of displacsemcnt. (Another shade 
[kunon-ycdlowj, betwc'cn green and red, can also be used for this 
purj)ose.) Th(‘ position of hand / on the graduated arc C gives 
the angle from which the temperature is figured. 

For determining the s(‘ale of temperature Pouillet’s data on 
glow temperatures and the melting point of silver (954^^ C.) and 
platinum (1775^ C.) according to Violle are used. 


TABLE XVI. 

(JLOW TEMPKllATURK OF SILVER. 


Hcfit. 


('oior: 

Beginning: eh(*rry red 

Cherry red 

Bright cherry red ... 

' Orange 

Yellow 

Briglit yellow. 

Bright white. 

Dassjsling white. 

I)a2:s5ling white. . .. 

Dasjssliug white, 

Hunlight 


Diai)lace- 

nient. 

Tempera- 
ture, Cent. 

DegreeH. 

DcKrees. 

33 

800 

40 

900 

46 

1000 

62 

1100 

57 

1200 

62 

1300 

66 

1400 

69 

1600 

71-72 

1600 

73-74 

1700 

84 

8000 


Below are given the i-eBults of some measurements with this 
instrument: 


TABLE XVII. 

RATA ON POIARISCOPIO PYROMETERS. 


(A) Meagurerntinti by the Author. 

Angle. 

Tempera^ 
ture, Cent. 


Degrees. 

69 

61.75 

69.6 

58.6 

63.6 

60.6 

Degrees, 

1260 

1290 

1275 

1245 

1340 

1060 

BtciCiit in Liiu ( t • » • 

UP©u'"n©®«rLu iuruw.3Uj uiupwj ■ ■ 

'' after charging the above steel 

If ti ti mbbUft rtf e'harffe 

If ti ** of eharce 


JCieaLing lurnaoe. 
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(H) Mc'asuiviiicats of J. Wcilcr in ilu‘ Hc^f^ciucr convcrU'r; 


(‘.-af, 

Whihi blowing b'b'K) 

At tho t'lul IbNO 

Slag loSO 

Stool in pan Hi 10 

Prolu'aU'd block 1200 

Block uiulor haniuan'. lOSO 

Blant furtiaco for gray iron: 

Beginning of molting zone 1100 

St('ol crucible furna<-o KKK) 

Brickkiln IKK) 

Heat colorw; rod boat r)2"> 

Chorry NIK) 

Orango IKK) 

Whito laiK) 

Dazzling whito I'kK) 

(17) MoaHuroinontH of I-o ('hutolior; 

I AHIllf. Ik«. , 

I Ik’icriw, 

Hun , . J g4 -HS KOOO 

(fUH^larnn , . , , * 115 I6H0 

ll(uJ gk)winK pl^ithiurn 40 45 | HOCI 


To keep out nith'-light it ia of julvnntago to hiaton u [irotecting 
tube in front of the objective. For the del4>rtnination of kiw 
teniperaturoH a converg(‘nt lena ia placetl l«‘foit' the iuHtruinent. 

(c) Tein|)oratur{i can alao lx* judged from the [trojHtrtion «>f 
the intenaitioH of two certain kinds of mys (for in.stanee ml and 
gK«n) that aro emitted from the Iwatinl sulwtanee. 

Tablfi XVin gives the dilhirenee of tin* emission of ml, 
green and blue rays of dilTennit sulwtanees eompaml ht a blat-k 
Hulwtance. 

Crova has constnicted a pynnnehT bisinl u|K)n tlnwe data; 
however, it reciviires very gn?at carti in manipulation. 

(d) Analogously the intetislty of a single ray of a certain wave 
length can te use(l for nusasuring tein{K^mtuw», One woukl think, 
at the first thought, that the intensity <lt‘jainds on the emitting 
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capacity of the glowing substance, this capacity var 5 hng widely 
as is shown by tlie above figures. Actually, however, with most 
substances the variation in the emission is equalized by the 
(’.apacAty of reflection, which varies in the opposite sense. Fur- 
thennore the capacity of emission of most of the substances used 
in the industries is not cionsiderablc. 


TABLE XVIII. 

EMISSIVK POWEll OF VARIOUS SUBSTANCES. 



Dejf. 

Cent. 

Red. 

Green. 

Blue. 

Miignosia 

1300 

0. 10 

0.15 

0.20 

Magnasia 

1550 

0 30 

0.35 

0.10 

0.40 

Lima 

1200 

0.05 

0.10 

Lima 

1700 

0.60 

0.40 

1.00 

0.60 

Oxida of chromium 

1200 

1.00 

1.00 

Oxide of chromium 

1700 

1.00 

1.40 

0.30 

Oxide of thorium 

1200 

0.50 

0.50 

0.70 

Oxide of thorium 

1760 

0.60 

0.50 

0.35 

Oxide of cerium ' 

1200 

0.8 

1.00 

1.0 

Oxide of cerium 

1700 

0.9 

0. 90 

0.85 

WalHbach mixture 

1200 

0.26 

0.40 

1.0 

Welfibach mixture 

1700 

0.50 

0.80 

1.0 



The Comu-Le Chatelier optical pyrometer is based upon this 
principle (Fig. 16). The instrument takes the form of a tube, 
through which the glowing substance is viewed. A reflector 



consisting of a glass-plate with parallel faces throws the image 
of a small flame into the eye-piece. A red glass in front of the 
eye-piece cuts off aU but certain rays. Absorbing glasses can 
be put in front of the objective glass, so that only of the 
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incident liglit is nllowed In ;i;n Uirnu;^li. Hetwi'cn these f^lasses 
and the objective a transpannit piece of onyx ( Idg. 17) is insert.ixl 
by means of which the light can Ih' re<lue<-d 
at will. 'I'he observation is inadt* by 
reducing the red light of the glowing sub- 
stance', whose t('inp(‘rature is to Ik' deter- 
Kid. 17 . — I’iccc i)f Onyx luiued, by means of the darkening gla.^eses 
for RodufuiK tii<‘ laKiii. Until it iscijual ill brightness 

to the standard lamp. The apparatus is calibrated by direct 
comparison with an air-pyromet('r. By this nu'thod the follow- 
ing intensities of light (red rays ^ - (in!)) were measured; 

TABLK .\1,X. 



IMTKNHITUOH 

OK lAillVV, 


Red-glowing coal (600°) . . , . 

O.OOOl 

Melting pulladiutn (I550i 

4.H 

Melting silver (950°) 

0.015 

Melting platinum 

15 

Stearine candle, gm burner 

1 

Inciiiuimemi lump . . 

40 

Pigeon lamp 

1.1 

Are light ... 

10000 

Argand burner with gla«8 . . 

1.9 

Hunlight (tmnn) 

00000 

Wekbach burner. 

2.05 

Melting Fe,( ), ( b15Crn ■ ■ . 

2 25 


By this method at first a thermo-element was ealibrati'il, liy 
means of which the intensity of emission of black ferric; oxide' 
at different temfieratures was determinc'd. It was found that, 
the law for the change of intensity of the nxl rays with the 
temperature can bo expressed by the formula : 

;i2i() 

/ - !()«•’ T’™ 

wherein T is the absolute temiKirature. The following intensit ic's 
(in candlepower) were obtained for differtmt tem{H'ratun*s; 


TABLK X.X. 

niOUT INTKNSn'IKH FOR VARIOUS tumokuaturkh. 


Iritariilty, 

TerniBratim* in Ihm. 
(Vnt. 

Irileuiiity. 

Ti’tiiintiiliiri* In 

CVfii, 

0.00008 

600 

39.0 

IKOO’ ^ 

0.00073 

700 

60,0 

tiCIO 

0.0046 

800 

93,0 

2000 

0.020 

900 

1800 

3000 

0.078 

1000 

9700 

4000 

0.34 

noo 

28000 

! mum 

0.64 

! 1200 

56000 

6IKM) 

1.63 

1 1800 

lOOOOO 

7000 

3.35 

1 1400 

150000 

SfMIO 

6.7 

1 1500 

324000 

tooo 

12.9 

1600 

S05000 

10000 

22.4 

1700 
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As cull 1«' SC(MI rroin this table' llu- iiih'iisitics incivasc rapidly, 
il in the (letcrininutidii oi high teinjK'ratnre's an ('rror of 
0.1 eandlepovve'i- is made' in tlu' uu'asurenu'nt, the error in the 
ten>p('ratnre does not amount to more than from 2 to 3° (I, 
which error can he entirely neglected. 

'I'Ik' llanu' in the iurnace' must, he' avoide'd during tlu' ohser- 
vntieai as otherwise' iiu'eirre'ct re'sults are' eihtaine'el. This nu'theiel 
is ve'ry geieiel lor nie'usuring high te'inpe'rature's, it> is le'ss exact, 
heiwe've'i'. lor letw te'inpe'rature's. 

I,e' ('hnte'lie'r maile' the' feilleaving me'asure'inents with this 
inst ruini'iit: 

TAHI-K XXI. 

TKMI'KIfATl’ItK nKTKH.MINA'I'leiNS (!.« eeiiutpllOT). 


Opini h«nirth furruicc 
CllfiHH funiHfCH . 

Poiwliiin fiininro 

funiiu’i', ninv. 
Iiitnp 

Arc Ikht 

Huiillgiit 


Ikig'. (’tnit. 
1490 to 1580 
1375 to 1400 
1370 
1250 
1800 
4100 
7600 


Bhi«t Ftirnun*. 


At the tijycrcH 

Fig iron, iiogiiirung 
Fig iron, inn I 


(ittnt. 

1930 

1400 

1520 


FnKiv*«. 


Hlitg. . 

Hicfil flowiii|| into ptm . - . 
lioinmting of ingot. ..... 

Kiiti of forging ......... 

Opon-limrtli niooh 
Htiiifl flowing, hoginnliii 
Htiwl flowing, onti . , . . . 
Fiwting into femn. - 


lk%. (ktiit. 

1580 

1640 

1200 

1080 

1580 

1420 

1490 


Ftiry hitfi maele some changes in this instrument. 

Waimer's optical pyromet<‘ris based u{K)n the same principle. 
If we (lant)U^ the intensity (of light) as I, the length of wave as 
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/I, the absolute temperature as T and two constants as <\ and c,, 
we have, a(!Cordinp; to Whai : 

/ 'y . 

As we have no absolute measure' for t.lu' inte'iisity, we can only 
compare same with another lumiiKais body; for the latter we 
have 


and therefore 


an equation containing only one constant. This ('filiation is 
perfectly correeit only for absolutf'ly black IkhTu's, but can also 
1)0 used for measuring ti'inperatun's in a furnace on account 
of the reflection going in all din'ctions in tlu' interior of the 
furnace. 

When determining flatiu' temperatures git'at caif* has to lie 
taken. If the flanu! temperatiu'e is tlu' same as that of the 
surrounding furnace- walls, this method can Ik' usftd as it is; if, 
however, only glowing gases aix' pit'sent, colon'd for instance by 
sodium, correct furnace ti'inpcraturi's an' not obtained except 
when the flanui allows the rays uscal in the nu'asiin'inent to {lass 
unabsorbed, (bnvertc'r-gases are ratln'r oiiafiue to nal (tlu' 
color used in the Wanner pyrometer), especially so when many 
solid particles are burning in tlu( flame. Hence too low a 
temperature will be obtained. 

In the optical pyrometer the light is decomiKiswl by a straight 
prism, and by means of a small slit nothing but the light corre- 
sponding to Frauenhofer’a line c is allowed to go through. As, 
according to above equation, the measurement of temperature 
is based upon the comparison of two luminous sutetances, a 
small electric lamp is used as the standanl luminous laxly. The 
lamp is attached to the front of the apparatus, and the light 
enters the instrument by means of a comparing-prism, while the 
light radiating from the glowing substance, whwe temperature 
is to be measured, enters directly. The two interaities are 
compared by means of two Nlcol-prisna, one of which (the 
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annlyzcr) can ho Uiriu'd with tlu^ cyi'-imna'. 'I'he angle, tliat can 
b(‘ H'ad from a circular .scale, .s(M*ve.s a.s ilu' measure of inUnisity, 
vvIiiU* th(' corrt'spotidiug temix'rature is r(‘ad from a tabk'. If a 
luminou.s body i.s vic-wi'd through tlu^ apparatus, the field of 
vi('w appi'ars divich'd iid.o two halves of une<|ual brightne.ss. 
'I'hi' eye-pi<-c(' is turiu'd until both parts show the sanu'i bright- 
lu'.ss, th(^ angl(‘ read and n'e.orch'd and the tempc'rature found 
from the table. 

The ('iitin' apparatus, whose optical parts are manufaetured 
by Franz Schmidt and IlacMiisch in Ik'rlin, is jvbout .'lO cm. long, 
is shaped like a U'leseope and is ('asy to handle. Thn'e storage 
l)att.eries furnish the ek'ctricity for the littk^ (i-volt lain}). Since 
the light-intensity of this lamp depends on the e.m.f. of the 
storage hatteri(‘H, it is neee.s.sary to adjust the lamp from time 
to time by nu'ans of amyl-aeetate lamps. 

On account of the. im'reasing weakness of light at low tem- 
peratim'S, 9(K)° ( •. is taken jis the lowest working point. The 
upper limit can l)e selected at pleasure. 

TABLE XXII. 

TKMPEKA'nmK-MKAHtmEMKNTS WITH THE WANNER PYROMETER. 

(a) In blast-fumacc's. 

Hllig 

Fig Inni , , 

Fig iron from mixor. 

I*ig iron flowing into ronvortor 
Htrol whim turning convertor. . 

Hlttg whim turning oonvortor, . 

Hliig, flowing out, .... 

Fig iron, Htnrting of flow 

iron in a iiriHniatic form. . 

Fig Iron getting «oli<i • ■ 

Hliig from mi-xor. . ....... 

Hliig from eonvertor, . . ■ ^ ... 

Fig iron from blawt furmicn*. . . 

Htniil from convert im. 

Iron from cmiiolit. . 

{h) Thoinas-pniceas. (Temperaturt! of eonvertcr-gases during 
charge) 1310®, 1331®, 1472®, 1310®, 1331°, 1472® and 1494° C. 
The tainperatuii^ of the converter is much higher. The tem- 
jierature of the slag, three minutes after stopping the blower, 
wan found to lie 1700° C. 


('init. 

1402 1370 

1317 1284 

1260 
1240 
1460 
1555 

1424 1372 

1384 1372 1330 

1230 
1012 

1384 1330 

1230 
1225 
12U 
1239 
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(c) Various measurcinonts. 

Zirconium in oxygen gas blast 2090° (b 
Electric arc. light with retort coal 0r)(i0~.‘l(il0° C. 

Of other optie^al pyrometoi's W'c mc'ntion the apparatus of 
Holbom-Kurlbauin and of Morse, in which the; intensity of the 
electric standard lamp is vari(^d. 

The thermo-electric telescope of Fiiry (Fig. bS) is l)as(‘d upon 
the measurement of the total nuliati'd energy of a glowing 
substance. 



The total radiation of energy of a substance according to the 
Stefan-Boltzmann law is : 

E ^ K(T* - T,*). 

In this equation E is the energy radiated fn)m a !»laek iKsly at 
absolute temperature T° to a body of the t(uniK>rattm^ 7\° ami 
K is a constant. The correctness of this law within tla^ widt'st 
temperature limits was proved by LutniiK'r, Kurlbium, Pring- 
sheim, Paschen and others. Tlie following tabl(( the 

observations of Pringslieim and Lummer: 


1 


Black Body. 


Boiler (kettle). . . , 
Saltpetre kettle. . . 

Do 

Do 

Fire brick furnace 

Do 

Do 

Do 

Do 

Do 


TABLE XXI U. 
RADIATION OF KNEHCn’. 


2 

Al>solute 
TetniKsra- 
ture OI>- 
mrved. 

3 

Iituluci?d 

I>€dItH:tion. 

4 

K 10*^ 

A 

Alwluti» 
Teriii»«»- 
tiint Oiil- 

CtllitlfHl. 

"d 

7* Oil. 
^•rveit T 
Oiiletiliitwl. 

373.1 

156 

127 

374.6 

1 5 

492.5 

638 

124 

492.0 

I 0.5 

723.0 

3320 

124.8 

724 3 

I 3 

745 

3810 

126.6 

749.1 

-4. 1 

810 

5150 

121JI 

806.1 

+ 3.5 

868 

6910 

123.3 

867.1 

+ 0 , 9 

1378 

44700 

124.2 

1379 

-'1 

1470 

57400 

123.1 

1468 

+ 2 

1497 

60600 

1 120.9 

1488 


1536 

67800 

i 122.3 

ISSl 

1-4 


Aviriira ’ 

123.8 
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'rii(> Icniiicrntiircs j»ivcii in column 2 arc referred to the tem- 
Iieratun-M'aU' of llollxtrii and Day, in which tlic' therino-eleetro- 
motive force of the Le (’!nit(‘ru'r-element. (I’t | I’lat.iniiin 
Hhodinm) is ealilirated with a nitro^am-thermometor. Und(>r 
column we have the radiant ('iierKy of the black body at the 
observed t<‘m|ierature, nuaisured bolonu't rieally (and the gal- 
vanometer delleet ion redueeil to the sanu' units). 'I’lu' bolometer 
temperature' was 2'.M)'’ absolute, 'I’he following observations of 
bummer and Kurlbaum .show the anomalie.s that have to bee 
e< insidt'iM'e I with other than blai'k leodie's. (Sec* tlu' following 
page.s.) 

'riie rndinnt eni'rgy of ferric oxide' is frenn 4 tee time's as gre'at 
as that eif pedishe'e! |)lntimnn, but ne've'rthe'le'ss e-emsielorably 
Hinaller tlian that eef a blae'k iHiely. W'ith iiu'n'eising te'inpe'raturee 
howe've'r the' raeliatiem eif netn-hlaek IkkIU's ine-n'ase'H hwte'r than 
that etf alwolutely black sulwhuie'cs. 

In hY'ry's the'nno-e'le'ctrie' tekwopo (Fig. IM) the image of the 
gletwing surfae-e* wheese U'm|K‘ratur<> is te> Ix' measureed falls vipeen 
the solelensl jetint eif a e'eipix'r thenneH'k'inemt, a galvanemieter 
Ix'ing itifsertee! in the' e-ireuit eif the latte'r. The soleler iKeednies 
lu'ale'il, and the* the'rniei-e.m.f. geiu'rate'el is measure'el liy the 
gulvnneiiiu'ter. The image' eif the gleiwing Hurfaee is thrown upon 
the* seileler by mi'ans of the' eye'-piece' 0. The objeetivee F is 
mneh' of fluor spar, which alwetrlis very little' of the raeliant 
energy. Some instruments are inaeh' with gkiss objectives. 

T.tItbK ,XXIV. 

UAIltANr UNKHOy ees VAItleiUS HtfBHTANOKS. 




^ ■*’ 'i'*"' r„* 


T 

K 

lllfii’k Itfwiy. 

I'oIIhIhhI mutt- 
iHirn. 

Ffrrk* OMitk*. 

m « I 

#3 ! 

nil s 

2iti n 

mi 

I08,9 
lOd.O i 

I08.4 



4^23 


5.56 

33.1 

im I 

Slid I 

m.u 

8.I4 

30.6 

lie ^ 

iiici ; 

I09,O 

I2,1S 

40.9 

I4»l i 

I7«l i 

! 

BCI i 

mm 

U0.7 i 

16. Si 
li,S4 

04.3 
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The following table .shows tlie close agreement oi results, 
(letennined with different ()pti(‘al pyr()in(d.ers, used to measur(‘ 
the temperature of the electric arc lightd 


TABLE XXV. 


COMPARISON OF PYROMKTRKUL MEASirRKMKNTS, 


Observer. 


Absolutti TciiiUK^ra- 
tun^. 


MethcHi 


Le Chatelier 

Violle 

Wilson & Gray 

Wanner 

F(«ry 

Lnmmer <fe Prints he im . . 
F^ry 


4370 

3870 

3600 

3700-3900*»N) 

3600-«4000 

3750-4200 

3760**) 


Photometry: intensity of 
red liglit. 

(■alorirnetry : apacific heat 
of coal. 

Total radiation of euprie. ox- 
ide (empirical equation). 

(According to the coal used) 
photometry; Wien’s law. 

Wave length of maximum 
radiation (Wien’s law), 
do. ■ 

Total radiation; Htefan™ 
Boltranann’s law. 


Temi)erature of tht» blaok laxly. 


Methods based upon the changt! of (dectric n'Kistance. Tem- 
perature can also be tncasured by the change in the electrit^ 
resistance of a spiral platinum wire, wound around a nal of firtv 
clay and protected from the outside by a clay-veaKel (Fig. 19). 






Fi«. 19. — Hpiral Platinum Wire (protectiHl). 


The law governing the relation Ix'tween «>HiHtan<*e and tem- 
perature is represented by a i)arabola. This principle wsis first 
used by Siemens, but soon abandoruHl in practice as the j)lati- 
num is affected by silicon, phosphorus and the gases of n*ac- 
tion, whereby its rt«istance is cf)nsideral)ly changiHi. 

At first a platinum tube was put arouml the platinum wire, 
which made the apparatus too fraf^le atid too c?xi)en8ive. It 
was soon found that a porcelain-tulxJ would do just as well. 
The apparatus therefore is very apt to break, and is hardly used 
except for very accurate measurements in lalwratories. 

1 Waldner & Burg«: The tempirature of l\m tre (Fhji. Iter. Nr, 4), 
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TABIiK XXVI. 

ro.MI'AIUHON ()!•' I'YKOMKTIUCAt, MKAHUKKMKNTS. (KlsrliiT.) 



I’yrtaiH'tfT of 






Mi'nniry Tlu'rmoni- 

Hti’ltih* & HEiitiHic 

SiouH'iiM ( llitsiht uun* 

FiHchcr Cf'hlori- 

(‘l(T ((leisalcr). 

(cSriiuhltu r.vr«tH»f!i*r). 

I’.vrouH'trr). 

motj'r). 


1 k'm'vvh. 

l)oKr»a'.s. 




:m 

3fU 



72H 

012 



700 

512 

002 


2tH) 

200 


261 

nil 

98 


99.6 

im 

100 


99.8 

103 

99 


99,8 

103 

101 


99.8 

m 

751 

754 


910 

837 



362 

778 i 

761 


mn \ 

751 



MU 

744 

730 


Bit 

449 

440 


312 

308 


304 

294 

290 


287 


Upon tho 8 atiu» |)rinci{)lo ar<' baned the pyrometers of Hart- 
mann and lirnun in Boekenheim-Frankfurt am Main, ofOalleiidar 
and others. 

'riu' r«*Htdts t»f some nK'asunitncntH with these instruments 
an* given in Talsle XXVll ; 


TAHLK XXVn. 

MKASI'HKMn.STS WITH ItAUTMANN AND BRAtlN’S PYItOMBTER. 


Tift,., 


Dug. tVrit. 


BNmiith 

C’lwiituunt . * . 

. . 

Zinr , 

Miigiiwiiim, 1% 

Aijfiiiifwy 

A I mil ill I mil, W.f»% A I . 

lltiltr . 

f’miimr .. . . . . . ■ 

KMK ' > ‘ 

KtH<h fmlitllfyiiig fmiiit . . , 
iimltifiK . .. 

wilidifyifif fmliit. . 
iimltiiii imiiit 


232 (C'allimelar and Griffiths, Il©y- 
cock and Naville) 


270 Cidlimdar and Griflltha. 

322 

Do. 

329 

Do. 

421 

I)o. 

419 Ileyeoek and Navill©. 

633 

Do. 

629.5 

Do. 

654.6 

‘Do, 

960.5 

Do. 

1062 

Do, 

IOSO.5 

Do. 

1084 

Do. 

1067 

Do. 

902 

Do. 

883 

Do. 

860 

Do. 
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Henri, Le (Uialelier'^ tiKriiio-elrelnr iijironnirr. lliis iiistni- 
mcTit is based upon Uu' luoasurciiuMit of the cum'iit 
produced by heating the soldered joint ol a thenno-elc'iueiit. 
The solder inunediately n'aelu's U'luix'rature-eiiuilibrium with 
the body or si)ace whose teinpi'ratun' is to 1 k‘ ineasiin'd, and tlu' 
instrument can b(‘ set at ((uitt‘ a distance Iroin the plaei' to Ik* 
investigat'd, which is of consich'rabh' advantage. 

The selection of the metals for t.he thenno-t'lenu'ut is of impor- 
tance. Iron or nickc'l cannot. Ix' n.s('d, as th(‘S(' metals, when 
heate(l at one point, s('t up hx-al curn'uts. (leiK'rally one wire 
is of platinum and the other of platinum containing U) per cent 
of iridiuiti or rluxlium. 

For measuring the (uirrent (thatelier u.ses a Deprez 
d’Arsonval aperuxlic galvanometer fitted with a mirror and scale, 
or a needle-galvanometer, built according to his instructions 
by Pellin in Paris. Kaisc'r and Sedunidt in Ih'rlin and Siemens 
and Halske us(i needhvgalvaiioiiK'ters. 

According to the investigations of II. Le (thatelier the relation 
between the electromotive forc(! and th<^ tem|X‘r!iture difT<‘ren<'(' 
between the soldered joint and the e.xtn'inity of an elenu'iit, 
consisting of platinum and {)alladium can Ix' e.xpressed l)y the 
eeiuation : y o 

c = 4.3 it - Q + (/.’ - O. 

He found t - /„ - KKF 44.'>° OrsP 1(K«)° ir»r>(P 
e == .')()() 29r)() 10, IKK) 12,2(i() 24,0.30 

By using a thermo-element consisting of platinum and a jilat.- 
alloy, the' equation takes a different form. 

TAB LI') XXVni, 

MEAHtrilKMKNTH WITH TUKUIVIO-KI.K.\n.;NTS, 


Barue. 

I 41 (chati'llt^r. 

tltillMCii mill 

n-n 00 + Ir 10 

Pt Pt 00 + Ith 10 

Pi ■ ■ 11 fill 1 nil III 

t 

e 

t 

V 

\ ! \ i 

Degraei^. 

300 

500 

700 

900 

1100 

2,800 

5,250 

7,900 

10,050 

13,800 

100 

357 

445 

665 

1060 

1550 

1780 

550 

2,770 

3,630 

6. ISO 
10,560 
16,100 
18,200 

ICM* ^ 565 

! 200 j 1.200 

‘ 400 i 3,0:10 

1 600 1 4.1)20 

1 «KI 6, 070 

i loot) 1 0,0«0 

! 1200 1 IU4«) 

1 1400 Him 

i IflOO ' 1(1.320 
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All tli(‘S(' (thsc'rvut'ioiis when plottoil show siniUar (“urvcs. Kor 
I,(‘ {’haU'lior’s ohsorvat.ion wo have: 

loj^f 1.21!>(i log/ I ().;«)2. 

\Vli(‘r('io V is ('xprossod in microvolts. 

'I'lit' iM'st way is to calihraU* tlu' iiistnniK'iit by (lirc(‘t obs('rva- 
tioos. For this purpose' tlue data given in Tahle; XXIX can ho 
usoel- 


’i’AHLK XXl.X. 


OAI'A I'lm ('AI.IUKATINO |•YUOM^:TUaS. 


Huililig point tif wiiti*r 

BoilioK ijoint of nHiilitbulino 

Molting |Mnut of ijine 

Boiling poitil sulphur .... 
Molting point of nhnninitnn . . . . 

Molting |»oint t)f siilt 

Molting poitit t»f Hilifiito of mHltunt 
Bolling point of ssino , 

Mf'ilting point t>f wilvor. ........... 

Molting point i»f gtjld . . 

Molting point of pnlliiclimn . . 
Molting ptiint of jtlatinum 


100 

218 

420 

445 

m (667) 
800 
883 
930 

960 (961.5) 
1045 (1064) 
1500 
1780 


(Tin" ftgnroH in |mift*nthtw*« (IntonniiUHl by Hollnmi und Winn). 


The lK>ilit»g |)()ints of water, naphthaline and sulphur are de- 
termined by heating tlu* sulwtances to the Iwiling point in an in- 
sulated glass tulH' closed at the Ixdbnn; then the soldered joint 
of th<‘ thermo-element is iinmerswl in the vapor. The medting 
jMiint of zinc is oliserve'd by enclosing the thermo-C'leinent in a 
IKjnadain tulH> (,Fig. 20), and inunersing it in the molten metal. 




Wlien tletermining the melting {Kiint of gold a few milligrams of 
gold are pliuani utwler the thermt)-element, which is put into a 
crucible filltnl with saml (Fig. 21) and lu'atwl alK)ve lOlK) ilegrees, 
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at the same time carefully watching f Ik' niovcinent of the galva- 
nometer. When the gold starts to melt, the galvanonu'ter remains 
stationary until all the gold is melted, when the temperatun' 
continues to rise at a steady rate. 

When measuring the teniiwrature of steel-furnaces, etc., tiui 
thermo-element must be enclosed in an ii'on I)ip(^. h’or porcelain- 
furnaces where temperature measurements are mad(‘ constantly, 
the thermo-element, which is protected by a glaz<'d eart lumware 
pipe, is permanently attached to the funuK^e but does not e.'ctend 
into’ the interior of the furnace. It is heated by a specially 
arranged circular recess. 

This instrument is made in Germany by W. C. Heraeus in 
Hanau, and by Kaiser and Schmidt in Berlin, as shown in Fig. 22; 



Fw. 22. Holborn-Wk*ti PymmMifr. 


it is specially constructed for industrial use. In the report of 
the “physikalisch-technische Reichsanstalt,” the arlvantagw ()f 
the Holborn-Wien modification of the Le Chatelier pyrometer ait^ 
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HCt fortli; the reading <yf the iiist.rutiK'iit is so shni)le that a fairly 
intelligent workingnian can learn, in a short time, how to use it. 
Furthermore the instrunumt is durahle, tiu' aeeuracy is not 
impaired by high temp<'ral ures, the n'su ling apparatus can he at 
(juite a distance from the furnace aiul oiu' indicating dc'vice can 
Ih' vised for a nuiulK'r of tlim’ino-i'lements. 

'I’he thermo-element coiusists of a pure platinum wire O.ti mm. 
in diameter and mm. long. <ine ('tid of which is melted to- 
getlier with the end of another wire con.sisting of an alloy of 10 
per cent rhiMlium and 00 per c(‘nt. of |)latinum. The purity of 
the metals used is of importance if the same tluu’mo-eleetromotive 
forces art* to Ik* ohtaint'd. 'I'he ofyjiositt* ends of the wire are con- 
neetwl to a circuit, fly heating the solder a small e.m.f. is 
generated (alKUit volt {kt KK) degrt'cs temperature differ- 

t*nee lK*tvvei*n tin* sold(*r(*tl end and the free end). This e.m.f. is 
metisurt'd hy means of a galvanomt'ter provitled with two seales, 
one grwluated in microvolts, and the other in temperature- 
degrt'es. Acctutling to HollKvrn and Wien, the accuracy of the 
instrumetit at UHKf (I is 6“ ('. 



Pin, 38. of Eltmsnt, 


When in use the win* of the element must not come in contact 
with substances that react with platinum or its alloys. This is 
prevonttni by suitably mounting the instrument in a porcelain- 
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which at trlu' saiiu' thn(‘ pn)vi(U‘s tlu‘ insula! ion o( tlu‘ wires. 
These porcelain sh(‘lls can stand !(‘rn|K‘rat iir(‘s up to 1600 
Fig. 23 shows how the clenuait is mounted. A hard rul)h(u* disk, 
having ail ojiening in the center is slid from th(‘ l)ottom ov(‘r thc‘ 
outer porcelain-tube. This disk has a hmh'ss whicli fits about th(‘ 
head Boi the porceIain-tulH‘. A laycu* of asb(‘stos-(‘ord is wound 
in between A and B. Th(^ uppi'r hard rublx^r disk is providixl 
with two small openings, through which tlie wirt's of tlu* i^tmumt 
are drawn and a recess for tlu^ ponndain insulating tub(‘. T!u‘ 
disk I is permanently (xiniUHd-ed with disk A by nutans of t.tir(X‘ 
brass screws. Two binding screws, which s(‘rv(Mis terminals, an* 
attached to C. Asbestos cord is wrappcxl anyimd tiu* outer 
porcelain-tube, the latter being forccxl into th(* iron pipe* I), l> 
is provided at the lower end with a rcnnovable cap and at tlu* 
upper end with a bell B to which tiu* hard rul)bc‘r-“h(*a<l of the* 
mounted element is fastened by m(‘ans of thnx* iron screws. 

The temperatures of molten metals, slags, (*t(*., an* pn*ft*ral)ly 
determined with floating pyrometers of spheroidal shap(*. 


TABLE XXX. 

TEMPEBATURE DETERMINATIONS, OPKN-HEARTH STEEL 3*’tlRNA<T*:, 

(n* ('hate»Ui*r.) 


Gas? leaving producer 

Gas entering regenerator 

Gas leaving regenerator 

Air leaving regenerator. 

BTue gases at hottom of flue. . . . 
Furnace, beginning of puddling 
Furnace, end of discharge . . . . . 
Casting-pan, beginning ........ 

Casting-pan, end 


(Vat, 

720 

400 

1200 

1000 

:ioo 

1550 

1420 

1580 

1490 


OLASH EURNA(‘E. 


Furnace, during refining 
Glass, during refining . . , 
Glass, during work. . . . . . 

Heating of bottles ...... 

Rolling’plate-glasa. . . . . . 


1400 

1310 

1045 

MS 

000 


ILLUMINATINU UAH MANUFAtrrCHK 


Furnace on top 

Furnace on bottom 

Retort at end of distillation 
Flue-gases 


1190 

1000 

075 

SSO 


/M7i*O.U/‘;77i’)' 
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TIh* Hartnuiiui nud Brmm pyroiiu'tcM* is IjuscmI upon tho sanu‘ 
principle*. Tin* lhcnn<rs‘lt‘!n(‘nts, up to UHHFC., consisi of plati- 
man and platinuinuucked, up to KiOO” V. of plaiinuni and plati- 
nuni rhodiunn 'Thv nick(4 (^hniuMit is twice* as sc'usiiive* as the 


rhodium «*lcnicnt. 

Ckhamics. 

Burning ttunpt'ratunMif hard porc(‘lain 14()(P(\ 

Burning ti‘mp<*ratur(‘ of <*hina por(‘('lain 1275^^’. 

Burning temipcu’alun* bricks. 1 100° C. 


Wlhargids Therniophafir ( Kig. 21). 

This cemsists (4 a fin*- 
(day cylinder*, (‘ontainiiig 
a Hiuall cH(pp(‘r»cariridg(^ 
filled with dynamite*. Tht* 
t htaanophoiH* is f wrought 
into Uh* space*, whose* tem- 
I jcntt 1 1 re is t e d hm ne *f lus e i m 1 , 
and the* length of time* eibHervenl until ait (‘xplosion takers place 
(light deionation). The tc*mp(*rature is th(‘n r(*ad from a table. 

To ase»e*rtain the* time' re'eiuirenl fen* luxating the cartridge by 
heai*e*e»nduetion io tht'e*xpleKsie>n«-tentpt*ratur(^ (150° (T), Fourier^s 
e(]Uftiiem is usenl : 

If U .. (Y ~ D) I L r 

\ r' 



Km. 24. 


Ill Ui’iH t is till* (tut.si(li' tciiiiK'niturc; y, the tem- 

jH'rature of ji i«nnt iti the interior, at a distance x from the 
Kurfaee afU*r a time, z, and (I, the original temperature of the 
elay-lKKly. 



C is the heat eondueti\nty of the suliHtance; 

c, the Hi«M‘i(i<’ heat of the Hulmtance; 

d, t h«* weiglit of 1 eu.ni. of the Hul)stane(% in kg., and 
2 , time in hotirH; 

X, the litHtanee of the {Kiint olwerved, from surface of test-body, 
in meters. 
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Table XXXI can be used for ascertaining the temperature. 

TABLE XXXI. 

DATA ON WIBORGirS TIIKUMOPHONK. 


300 
320 
3401 
360 1 
380 
400 
420 
440 
460 
480 
500| 
520 
540 
5601 
580 
600 
620| 
640 
660 
680| 
700 
720 
740| 
760 
780 
800 
820| 
840 
860 
880 
900| 
920| 
940 
960 
980, 
lOOOl 
1020 
1040 

loaol 

1030 

1100 

1120i 


33.0 

6.0 

45.6 
29. 

17.0 

6.6 

58.0 

50.6 

44.2 

39.0 

33.8 

30.0 

28.4 

23.0 

20.0 

17.2 

14.8 

12.6 

10.4 
8 . 6 ‘ 
6.8 

5.2 
3.6 

2.2 
1.0 

59.8 

58.4 

57.4 

56.4 

55.4 

54.4 

53.6 

52.8 

52.0 

51.2 

50.6 

49.8 

49.2 

48.6 

48.0 

47.2 

46.8 


-a 

c 


56.8 

46.8 

38.6 

32.0 
26.2 

21.4 

17.2 

13.4 

10.2 

7.4 

4.8 

2.4 
0.4 

58.0 

56.6 

55.0 

53.6 

52.2 

50.8 

49.8 

48.6 

47.6 

46.6 

45.6 

44.8 

44.0 

43.2 

42.6 

41.8 

41.2 

40.0 

40.0 

39.4 

38.8 

38.2 
3l8 

37.4 

37.0 

36.4 


ai 

•S 

in 

4 

c 

1 


















] 


, . . . 1 


. .. 1 
1 


1 


. . . . 1 


1 


1 


1 


.... 1 

.... 1 

1 


1 


. . , 1 


1 


1 


1 


, . . . 1 


1 


, . . . 1 


.. . . 1 


1 


. . , . 1 


. . . 1 


1 


. . . . I 


I 


. . .. h 


. ... 21 


. ... 2; 


. . . . 21 


. . . . 2: 


. , . . 24 




14*0 


U40 

U60| 

1180 

1200i 


46.2 

45.6 

45.2 

44.6 

44.2 
43.8 
43,4 
43.0 
42 6 


42 

41 

41 

41 

40 

40, 

40.2 
39. H 

39.4 

39.2 

39.0 

38.6 

38.4 

38.0 

37.8 

37.6 

37.4 

37.0 

30.8 

30.0 

30.4 

30.2 

36.0 

35.8 

35.0 

34.0 

33.8 

83.0 

32. 2 
31J 

31.0 



j 1 

ul 

1 


3 

a 

In 

1.0 


1.0 


1,2 

1.0 


L6 


L2 



in 


33.8 

33.4 

33.2 

32.8 
32.0 

32.4 

32.2 
32.0 


44.2 
43.6 

43.2 

42.8 
^42.4 

42.0 

41.0 

41.2 

40.8 

40.4 

40.0 

39.0 

39.2 

38.8 

38.0 

38.2 

38.0 

37.8 

37.4 

37.2 
30. S 

30.0 

30.4 

36.2 

30.0 

36.0 

35.4 

35.2 

35.0 

34.8 

24.0 

34.4 

34.2 

34.0 

23.0 

32.2 
3L4 

50. 1 

30.2 
:2i.0 
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Tlu' llu'i'moplioiio has to Im' kt'pt. in a dry ])la('(', and wlinn used, 
must liav(' an initial i(‘ni[H'ratur(' of rroin IX to 22“('. 

{(i) \\ lu'ti dotennining the' tcm|icratur(‘ in n'vc'rhaiory- or 
inulll(‘-lurnaci's, stacks, (‘tc., or in all ease's wlu'n' tlu' ilu'rino- 
phonc iM'sts upon a solid linsc and is surrounded by hot gjises, 
the time ('lapsing lt('t\V('('n tlu' insertion of the' tln'miophoiu' and 
th(' ('Xplosion is rend and tlu' U'lnpe'ratun' take'ii from d'alik' I. 

(6) WIk'u di'ti'rmining tlu' U'inpe'rature of rK|uid metals, such 
as siine, It'ad, eoppe'r, silve'r or gold, an iron pipe, closed at the 
iKittom, 80 mm. insiiU', 81 to8(» mm. outside diauu'ter, is inserted 
in the inolte'u metid: ufti'r a few minutes, wlu'ii the jape has 
attaiiH'd th(' same ti'inperature as flue iiu'tal, the tlu'rmophonc is 
slid into the pipe. In this eiuse; tlu' U'lnpi'ratun' is read from 
Table II. 

{(') When measuring high te'inpe'rature's of molten metal and 
•slag, such as in>n, stee'l, ('te., the tlu'nnophone is tlirown upon 
the surface of the* metal and slag, and the temperature is taken 
fnan Talih' 111. The above table is madee out for 0 20° C. 

If the air-t('m|)eraturt' differs fretm this a correction must bo made 
according to equation : 


if V 

we have: 

/' - / 


t' 


t 


0~ 0' 

y IJ 

150 °, 0 - 20 °, 


(« - y)', 


20 

150 


20 


(/ » lf)0) 


20 - 0 ' 
180 


{I - 150). 


If at an air temia^ratuns of 0' » 80 degrees a temperature of 
2000 degit'cs is found, the correction is 

f t - V«) 

and the measured tein{»rature is I' " 2000 ~ 142 *« 1868° C. 

Tht^ reHulti< obtained with the thermophone are very satis- 
factory. Contact of the thennophone with basic slags has to be 
avoid»Ml, since in such cases the explosion tak^ place too early, 
which ^ves too high results. 
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TABLIO X\Xn. 

COMI’ARATIVE DATA ON VVIItOUdll ’N TIIKII.MOI’IK INK. 


TcinpiTaturti“Mt'asiinuiu‘ntH. 

{ 

Air Pyronndrr. 

Heating furnace 

7«4.5 

Heating 

875.0 

Open-liearth steel upon acid whig. . . 

upon steel 

... . . . 

upon strongly basic slag 





Tht'nuopluHH*, 


772 764 

KHK H7H 
ovrr 2400 
!K 12 

ovrr 2400 


In practice automatic regintering pyr()m('t('i's an* very u.s{'l’ul 
as they make a continuous control of tlx* temperatunM-hanges 
possible. Because of lack of sjiace they cannot Ik* (k'scrilKHl in 
this book. 


Suggedioriit for Lcmrm. 

Practice in handling various pyrometers ; 

Adjustment of same; 

Determination of molting points, heating and cooling curves; 
Comparative temperature-moasuremcnts with different pyro- 
meters. 



CHAPTER IV. 


COMBUSTION HEAT AND ITS DETERMINATION. 

Hioat value, fuel value, thermal value, calorific value, or ther- 
tnal elfieieney is th(> ([uaiitity of heat developed from a certain 
(luantity of fuel in comph'te combustion. It is generally 
expr(‘.ss(‘d in calories. 

'I'his (juantity is calitxl al)Holute thennal value, etc., if it is 
ifferrtMl to tlu; unit of weights, specilic thermal value, if referred 
to the unit of volume. 

Pyrouw'tric thennal efliciency is calUHl tlie temperature that 
('an theon'tically Ik( ivacluHl by combustion of the fuel. 

Wt^ are going to spi^ik first of the absolute thermal value or, 
cheniically ex{jn>.ss«Hl, of tlm detennination of the combustion- 
lu'at, which is gencirally figuitnl in caloritis, sometimes however 
given in jK*r of th(( thermal value of pun; carbon, or as 

"eva{H»rating-po\ver," or in comparison with some other fuels, 
or ns tlie (juantity of k'iul reduced by 1 g. of fuel. 

The expression of the thermal value in calories is easily under- 
stotsl as it means tlu* numlK^r of large calories furnished by the 
couibustion of 1 kg. of fuel. If this quantity is divided by 8080 
(the th((rmal value of I kg. of charcoal according to Favre and 
HillKirmann) the thermal value is obtained, cxi)rcB8cd in terms 
of th(( h(mtrvalue of j)uni carlx)n. 

The (*xjm>sHion of th(^ thermal value of a fuel by its “evapo- 
rating jKJW(‘r’' was first [)roj)os(sl by Kannarsch. It means the 
(juantity of wak'r transfornunl into stt'am by 1 kg. of fuel and is 
ohtainixl by dividing the thennal value exj)ressed in calories 
with flA'i (th(» h(‘at“{juantity, lux^emary, according to Regnault, 
to transfonn 1 kg. of water at 0® 0. into steam at l.Kf C.). 

For certaitj purjH>m« the thennal value of one fuel is compared 
witli the value of another fuel, is. the fuel (juantity equivalent 
to the other is jpven. GeneraJly 1 cubic meter of soft logwood 
ia taken as unity which has a thennal value of al)out 900,000 cal. 

Table XXXIII will be useful for transfonnations. 
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'l'AI$l,K XXXIII. 

'I'll Elt MA I- 'I'll A NSKl lit MA'I'ION va i,ri':s. 


TluTinal Valium in 


[ Puhic MohT of Holt 

1 r#oK'w«M)(l, 

1 

()al()ri(\s. 

to 1 K«:. of | 
Pure (hirbon. | 

Kvuporating Power. 

1 

1 

8080 

C52 

900.000 

0.00012376 

1 

0.080693 

111.4 

0.0015337 ! 

12,39 I 

1 i 

1380 

o.ooooonii 

0.00H98 

0.000724 

1 


In determining the thermal value account 1ms to 1 h' taken of 
the quantity of hydrogen present which is oxidiztHl to water. 
According as we assume that this water is completely condensed 
or completely changed to steam, we obtain the highest and 
lowest calorific values, respectively. 

The following methods have teen proposi'd for determining 
the fuel value; 

1. Direct determination of the thermal value. 

(а) On a small scale, in calorimeter. 

(б) On a large scale, in steam-boilers. 

2. By means of empirical formula based on certain chemical 
tests. 

(a) Calculation of the thermal value from the chemical 
composition (elementary analysis). 

(b) Calculation of the thermal value from the quantity of 
oxygen required for complete combustion (Berthier’s method). 

(c) Based on simple (chemical tests. 

(1) Direct determination of the thermal value. These methods 
undoubtedly give the best results. Beveral details have to be 
considered; all losses or gains of heat have to te- avoi(U‘d. Tliis 
is easier accomplished in small than in large apparatus. 

The determination of the thennal value on a small scale, how- 
ever, has a disadvantage in that it is very difficult to get a good 
average sample small enough to be burned in a small apparatus. 
The only apparatus to be recommended are those in which a 
single reliable determination can be made simply and quickly, 
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M» that a j'rcal, nuiubcr of (U'U'riiiiiiatiou.s wui bo made on any 
OIK' Kanipl(> without, liidiculty. 

Wo .shall oonsidcT h(T(' only Homo of tho mo.st widely used 
ealorim(‘t<'i"H. 

Of tlu' ('alorinud(*rrt in which combustion with oxygen under 
atnK)sph(‘ri(‘ pn'ssuro takes plac(^ W(' shall des(‘rib(' only tlu' 
calorinuder of k'. Kiselu'r tKig. 2;")). 

'I’ho oxygon for cond)Usfion is l<‘d 
(sonu'timos aft(T being washed with 
caustic, potash and dri(‘<l) through 
the gjis pipe a and tho platimuu 
pipe r. Tho latter is fitted loosely 
in the cover e of th<^ combuslion- 
chainber -1 (tnade of h.') per cent 
silver) and r<'acht‘s into tho platinutu- 
crucible f, which contains about 1 g. 
of the fuel to 1)0 U'sted. Tho com- 
bustion gjises (‘Ncapt' through the 
platinuin-tH‘t u and then upwards 
Ixd.ween crucible and ring I' through 
.S', / an<l c into the pljs's c and h. 'I’lie 
platinum-net », upon which some 
soot is depoisittsl, finally gets so 
hot that tiie soot is huriKHl. 'I'hc 
calori[nett*r-v<^s.sel H, which contiuns 
1 iKKl g. «(f water, is surrounded by 
a lay<'r «tf inineral wool f'anil the 
wcHslen case 1), The two thermo- 
meters / starve for measuring the 
tt'nipi'ratun* of tlie calorimeter 
wahu’ and of tlu* escaping gfises 
restH'ctivi'ly : ic is a stirrer, operattnl 
by in and the silk-cord n. By tneans 
of a magnifying glass one one-hundmlth of a degn'c can h(^ 
ol)servefl and ri'conled. 

( 'alorietmlem in which combustion in oxygen takes place under 
prt'ssurt', as for instance the apparatus of Berthelot, Mahler, 
Htohman, etc., ar<» very convenient. In all these methods the 
combustion of the fuel tak«< place in a closed chamber, in which 
the fuel is enclwtal with a sufficient amount of compressed 
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oxygen. The iiunmse of teiinKn-aiurc^ of a (‘(‘rtain mass of water 
(calorimeter-water) into which tlu^ api)aratus is immersed, is 
observed and recorded. 

The caloriinetri(‘, bomb of Malilca* is illustraUHl in Fig. 2() aind 
consists of the following parts: (1) A bond) H made of (‘xetd- 
lent steel somewhat softer than gun-steel. This steel has an 



Fi(h 2(J. — (^alorimotcT Boinb (Miihl<*r). 


absolute strciiffth of 55 kg. per .s(i. inin. and 22 per cent elonga- 
tion. The ({uality of tlu^ steel wjis eandully sek'cted on ae<’ount 
of the strength and also on aeeount of the enameling, of which 
we will speak later. 

The bomb has a capacity of (ir)l cu. cm. and its walls arc* S mm. 
thick. This capac-ity is much larger than that of Bc'rthc'lot’s 
bomb, the object In’ing to obtain an oxygen surplus (‘ven wlu'u 
using a gas not entirely pure. Kuel-gcisc's are also .studical with 
this bomb. The fuel gases often (contain sw much as 70 {K‘r cent 
of inactive substances, which makee it necewary to takee con- 
siderable (luantiticcs when testing in onk'r to obtain a measurable 
increase of temperature in tlui calorimeter. 

The oval shape was selected in on her to facilitatcc tilt* forging 
and enameling. The bomb is nickel-plated on the outside, and 
coated with enamel on the inside to prevent any bad effects from 
nitric acid, which is always formed by combustion. This enamel 
takes the place of the platinum-lining in Berthelot’s apparatus. 

The bomb is closed with a threaxled plug packed with shetJt 
lead. The plug is provided with a tai>er threaded cock, which 
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serves iis ler llie oxygen uiul through which is inserted a 
well insulati'il elect roih* A', which is attached to a i)latinuin 
rod F that extt'iids towards tlu* interior. Another platinum 
rod, also iasleiied to the plug, carric'sa platinum cap for r('cciving 
the fuel to Ix' tested. 

(2) 'I'hi' otlnn’ parts of th<‘ ap{)aratus are the calorimeter J), 
th<‘ caloi'imet(‘r-jack('t .1 and the stirnu' »S'. d'lu'y dilTt'r in details 
fnmi Ih'rthelot's apparatus and an' less exj)ensiv(‘. 

'I'he spiral'.shap<'(l stirrer of Ih'rthelot is replaced hen- hy a 
simple' and ('asily operatc'd circulation d<'vic(' which allows the 
proihiction of a uniform circulation. 

t.'i) We may further mention: tlu' thermometer, which is 
divided in 4,, (U'gree, the source of ('U'ctricity F and a watch or 
niimite-gla.ss. 

(1) Mahler u.s(>s oxygi'u from an oxygen-hond). Since the 
most favorahh' pre,ssur(' for burning 1 g. of hituminous coal is 
about 26 atm., aial since the iMimhs contain 1200 liters (120 
atm. I, one of the.se ve.s.sels is .suHicient for about 100 determi- 
nations. A 1 1 ressu re-gauge (manomet('r) inserted Indween the 
o.xygeti-lHimb and calorimeter-lKanb alhws the pressure of the 
oxygen to Ih* eontnilled. 

The (iix'ssun' used with solid ami Tniuid fuels is 26 atm.; with 
gn.seH rich in earlMUi (illuminating gas, etc.) 6 atm., and with 
poor gases (producer gas, etc.) 1 atm. To insure the complete 
combustion a certain exc('.ss of o.xygen must be present; too 
great ati <'xce.ss, how<*V(*r, wcaild lower tin* combustion tempera- 
ture ami thereby cause incompleU' combustion. 

TIh* two insulab'd electric c<mducb)rs which pjiss through 
t he plug arc* eonneided insider the lK)mb by a spiral made of 
0.1 mm. iron-wiw, that ('xtends into tla^ fuel and causes ignition 
Sifter the state of inesindescenee is n'acht'd. 

'rise fuel is contained in a small vessel of jshitinum, which is 
eitnneeted in the electric, circuit. In a iKunb containing (160 
eu. cm., 1 g. of fuel is used. Hlightly volatile li<iuids can also bo 
used diri'ctly. 

When meiisuring giwes the iMitnb is evacuatc'd and filled with 
gjts at ct'ctain temjMTature under j)n'ssure, which process is 
rejK'atnl twice for n'moving every trace of air. 

It is necessary that the calorimeter-water and jacket water be 
in temjjenitunMHpiilibrium with the air of the rootn. All the 
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apparatus is allowed to stand in the tc'st room for 24 hours {)re- 
vious to the test, immersed in a .sulfici(‘nt amount of water. The 
apparatus has to be j)rotected from the sun and from drauf>:i>ts, 
which will (;ausc! a variation of temperature'. 

The constants of the calorimeter are determined by burnin{>; 
a known (luantity of a certain substance of known thermal value', 
for instance, 1 g. of naphthaline yie'leling 0.71) e-al. 

When making a eleterminatieen, I g. eef the' poweU're'el fuel is 
weighed and put into the small vessel. The' iieiwde'r shoeild not^ 
be too fine, as otherwise it might Ik; carrieul siway ley the' e'urre'iit 
of oxygen. If a fine {)oweler is te> bee useeel it is wrapped up in 
paper of known weight anel kneewn thermal value'. 

The bomb is closeel anel the o.xygen alle)we'el to t'ute'r slowly see 
as to avoid blowing away the pe)weler. When theeh'sireel pivssure 
is reached the cock is clewed anel thebennb enit olT freem the manom- 
eter. The bomb is put into the cale>rime'te'r, live; minutes In'ing 
allowed for equalizing the temperature. Thee vewsel must 1 k' held 
upright to avoiel spilling the poweler. 'I'he stirre'r is meiveel rap- 
idly and continuously for three minutew in e)rele‘r to oittain a uni- 
form temperature e>f the water, and thee tem|u'rature of the 
calorimeter reael anel reeeeeereleel. 

The fuel is ignited by impres.sing 10 volts oti an inen-winv, the 
temperature is reael anel reeteenleel every minute fen- six minutes. 
The temperature equilibrium of the l«nnh anel calorimeter is 
generally perfect after threxe minutes. The reaelings during the' 
next three minutes are usee] te> correct the; heat lu st by ratli ation . 

It is generally sufficient te) aelel to the; incrtejise of bmqs'raturee 
recordeel three minutps after ignition the elecreasee of tenqw'rature 
observed during the two following minutes. This is not abso- 
lutely correct, but sufficiently so for commercial purjKwes. The 
exact corrections give results varying not more than sito from the 
correction mentioned. 

,4_8ecpnd.,CQtrecti£)n relates to the combustion heat of the iron- 
wire in oxygen, which amounts t<) i.'(l()() cal. i«;r 1 g. iron, and to 
the heat liberafted by the formation of a small quantity of nitric 
acid. The latter quantity has to l)e detennined for very accurate 
work, but can be neglected in commercial tests, the terror amount- 
ing to less than,^5^Y’^^ being nt'.arly compensatel by the <»rror 
in the correction for cooling. 1 g. HNO. yields by its fontm- 
tion 0.230 cal. 
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I'^XAMi’iii', . Oik* j;. of luiphtliHliiio is iisud for combustion. 


\V ntcr-contciil of cnlorimotcr , . 2200 

Wntcr-valiK* of bomli. etc .{.t-O jr 

2 (iS 0 g. 


tiffillr IVni I (‘tHU hunt Ion. I ('(Mflinjtr. 


17.52" j 20.15 * tV 21.00“ 

r 17.52“ I 4' 21.00 7' 21.07“ 

2^ 1 7. or 5' 21.11 21.00“ 


Rwe in Unnpnmturc* obsorvcHl. .‘{..W® 

(brrtH'iinn for rcH)ling 

Total ';}.(i.r 

tj;uiuitity of licat , :{.(»:{ X 2.(i.S 0.72S cal. 

( ’orn*«*tioii for iron, 0.02") X l.fK) 0.010 cal. 

DinVrciicc *’ tMi'xx cal. 


If a correction for the nitric acid formed had been made tlic 
rcKuit woulil liave Ik'I'u il.OHf) cal. 

Mahler found in a lecture, i.c. under conditions which pro- 
hibited till* attainment of tempcrature-c<iuilibrium in the calorim- 
eter, K,'{7.'1 cal. a.s tla* fuel-value of a bituminous coal, while in 
the lulHiratorv', when taking all precautions, la* obtained a value 
l,.’t tM*r cent lower. 

If the coal contains j^iiiisrdciai® amounts of sulphur, same has 
to la* eoitsidensl. The sulphur is completely oxidized to sulphuric 
acid and can laHletermined by well-known methods af ter washinj? 
tin* lannb with water. Tin* other calorimet(‘r-bomb, in which 
eonibustion is (•(Teebnl with oxygen under pressure, is arranged 
in a sotnewhat similar manner. 

All determinations tniule in such apjiaratus have two defects, 
'riiey give a thermal value at constant volume while in practice 
all eomhustion takes place at constant pnwsure; on the other 
hand they give the ho-<‘j411(hI upjMir thermal value, as the hygro- 
seopie water of the (*<«il, and the coal formed by combustion is 
eooletl to air-temtH*mture, i.e. condensed, so that the thennal 
value «ietermuu*d in the txanb includes the latent heat of evaporar 
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tion of the water, wliicli can never 1)(‘ utilizcMl in liriiif!;. To 
counteract this last defect Krocker proposc's to put tlu‘ boinl) 
after combustion into an 'oil-bath at from lOo" to IKb' and 
to absorb the evaporated water in a (*al(*iuni ehloridc^ appa- 
ratus; finally, to pass dry air through the boinl). Since* lu* us(‘s 
very exact corrections for the cooling of tlu* ealorinu‘t(‘r, wc^ 
give an example of his nudhod. 

Temperature of the rooin 20 (l(^gr(H‘>s. 

Water in calorimeter 2100 g. / 

Water value of the apparatus d IO g. \ 

Weight of iron-wire and (*.oal-briekette ' I.OOo!) g. 

Weight of iron-wire aloiu' 0.01S7 g. 

Weight of coal-brick(‘tt('^ aloiK^ 1.0772 g. 

Weight of the chloride of (‘alcium apparatus; 

(a) Before test 4cS/21ti0g. 

(b) After test IS. 7005 g. 

Weight of total water O.AOiO g. 

Weight of water in 0.0250 g. 

Weight of water in coal (),5bS0 g. }K% 

TAHLK XXXIV. 

'ruMenitATriiU (‘han<u:, 







1 






Firnt 

TcKt. 

Main 'rc.‘H(. 

Aft«*r 1v«t. 


No. 

Head Ins:. 


I i( 'IK 11 HR. 

Ujmr» 

UfwIitiK. 

nifftn' 

Xotf. 



onett. 


vnrt’ 



T 

V 

i 



F 


1 

18.750 

■f 

18.759 

18 759 

21,744 



2 

18.753 

0.003 

19. 170 


21.742 

0,002 

wjiH huniCfi 

3 

18.753 

0.000 

20.530 


21.739 

0,003 

I m furiikh- 

4 

18.756 

0.003 

21.240 


21.72!) 

o.oni 

wiilniut 

5 

18.756 

0.000 

21 . 590 


21.720 

0.009 

111 * trig rniifli! 

6 

18.757 

0.001 

21.723 


21,713 

0.007 

liir dry. 

7 

8 

18.768 

18.758 

0.001 

0.000 

21.749 

21 ! 749 

21.707 

21.704 

0.006 




U . lliJa 


9 

18.759 

0.001 


2.990 




10 

18.769 

0.000 




Sum 

187.759 

0.009 



173. 79S 

0.040 







Aver. 

18.756 

0.001 



21 725 

0,005 
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!»0 


'i'lu' t('mi)('riU.ui-(' (>r t lu' caloriiiu'U'r \vat.('r rose 2 .‘)‘) 0 “ C. 

Kdf (•(irrcftiiiiy; Uu' U'lnjx'raUiro tlu^ formula of liognault-Stoh- 
maim-I’faiiiH'llcr is uhoiI: 


('OIT. 



2 " I X ■■ 


r moans li(>n'in average of leiniieralun'.-differenees of Uu; 
preliminarv test. 

r nu'aus luTein average' of temiierature-readiiigs of tlie pre- 
liminary test, 

/j . . /„ nu'ans hen'iii tlie teinperatun'-re'adings of the main 
te,st. 

v' means herein average' of tK'mieerature-difTewmces of final 
test. 

t' means here'iti average of temperatun'-readings of final tost. 
n meatis herein number of reaelinpfi of main test. 


For (Hir example we have: 

/> r' O.tKfl I ().(H)r. 0.00(1° 
r' r 2l.72r. IS.7r>0 2 . 0 () 9 ° 


t, /, 0.411 

tt 5» 


0.010“ 


/, i /„ lO.lHS 

*1 *> 

W 


20.211“ 


»l { 

^ (/) 12 a.(K) 2 “ 

1 

nr 7 X lX. 7 r )0 121 . 202 ° 

(n - I ) a 0 X O.tKll 0 .(KHi°. 


Thi' eorreetion tlwn'fore is: 

Corr. ( 0.010 f 20.244 f 122.012 - 121 . 292 ) - 0.006 

‘ 0 . 012 “. 

(lorrtKdtHl inerease of temjH*ratiire » 2.990 -f 0.012 2 . 002 °. 

Heat pneriiti'd iti ealorimeter 

2 .(K )2 X 2440 - 7224 ..S eal. 
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If we deduct herefrom 2.92 cal. (that are developed from 
0.0187 g. iron-wire in combustion) we get the th<‘rmal value 
of the coal: 


7324.8 - 29.9 
"Ti)772 


0772 cal. 


For the acids formed Krocker deducts 8 eal. (as average) , whereby 
the thermal value of thc^ coal Ixmiouk's: 


7324.8 - 29.9 - 8 
1.0772“ 


0704 eal. 


Altogether 0.5430 g. of water were ab.sorbed by the calcium 
chloride. According to previous tests 0.025 g. of same come 
from the compressed oxygen, so that for the coal burned w(' 
have 0..5430 - 0.025 g. = 0.5180 g. of water (48 per cent of the 
coal burned). The latent heat of (waporation is: 


0.48 X OOO - 288 cal. 


so that we get as useful thermal value of the coal (lower heat ' 
value) 

07(k 1 - 288 0470 cal. 


Since the quantity of hygroscopic waU-r in coal varit's widely, 
only dried coal should be. usecl for the detenninatutn of fuel 
values. Furthermore since tlui determination of the water 
content of the (ialorimeter is a tedious operation, it is of advan- 
tage to determine the hydrt)gen content of <-oal l)y (dementary 
analysis. 

A calorimeter constructed by S. W. Parr, ()rofesHor in the State 
University at Champaign, III., for determinating fuel value.H is 
more and more widely used on account of its low cost. This 
calorimeter is based upon the same principle tis th<‘ calorinu'ter- 
bombs, i.e. the combustion takes place in an enclosed space, so 
that during the process no gases can enter or escafH'. The oxyg«in 
is used in solid form and the pnxlucts of combustion obtainwl 
are transformed into solid comfK)unds, the«‘fore combustion 
take.8 place at low pressure, and the exptmsive bomb is done away 
with. 
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Fi^. 27 ^ilitnvs tilt' ass('iiihl(‘(l apparatus, Fij;- 2.S thu reaction- 
vessel (the eartriiljici. 'Fhe ealoriineh'i' propc'r consists of a 
niekel-plateil eopper'V«‘ssel .1, wliieh contains somewhat over 
2 liters and a vasssel (', inaile of wood (ilx'r and surrouiuh'd by 



another siiitilar vjwel, /#. 'I'he entire apparatus is closed by 
the double-cover (t, nuule of one piece. 'riu‘r(d)y such an excel- 
lent ht'iit-insulation is tsffci’ted that the maximum temperature 
atlaineil in tlu* reacthm ii'inains constant for five minutes, 
witluiut falling even O.tKJl®. 

'rh«> rt'action vcswjI 1) is a heavy, nickel-j)lated, brass cylinder 
iiaving a cubic^ ctmtent of al«mt Ur> cu. cm. ; it is closwl at top and 
Isittom with screw |»lugs and leather gaskete. The lower plug, 
/, rt'sts uiKui a pivot-step bearing, F, connected te the cylinder 
K. 'I'he tipjter plug is pn»vidtxl with a tube H, which extends 
thrtMigh iht' cover, O, and carries the pulley, F. The four blades, 
h, h, art' atbichctl to 1). If the tlevice is sot in motion (by means 
of a Haals'-turbine) at sufficiently high 8 i)e 0 d (150 rev. i)er min.) 
tht* calorim«‘ti‘r-water moves in the direction of the arrows and a 
{HtTfectly unifttnn temixtrature distribution is obtained in the 
cahiriinettu*. 

From Fig. 2K, wMeh shows the reaction vessel (cartridge) on 
a larger scale it caui be seen tlmt the tube H contsdns a small 
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tube L which is open at, one side and ('iids at the botloin in a 
conical valve K. The latter is kept closed h}’ tlu' spiral spring 
M until pressure is applied to N. 

In the cover, G, a hole (S~9 n\in. wid(') is provick'd, through 
which a thermometer divided at k'ast in r}o degrc'c's, hut Ix'tter in 
Ttiio degrees, is susj)ended. The. scale of tlie tlu'rmoineter goes 
from If) to 20 degrees and is dS to 40 cm. long. It is ol imi)or- 
tance to have the graduated part of the therinomeh'r absolutely 
and perfectly cylindric.al. 

The manipulation of the instrument is as follows: After 
putting the (loublc-vessel, GH, upon a solid tabki tlu' ealorinu'b'r- 
vessel, A, is filled outside of the woodcai jacket with (‘xaetly 2 
liters of water (preferably distilkul watc'r), care In'ing takem to 
keep the outside of A and the inside, of C dry. The temperature 
of the water should be about 2 degree's Ik'Iow the’ U'lnpe'rature of 
the room. A is now put into the wooden vessel, CH, tlu^ ri'action- 
vessel, 1), is dried perfectly by slightly heatitiig on the sand-bath, 
the lower cover, I, is tightly screwcid on and about 10 g. of per- 
oxide of sodium (sifted through 1 mm. mesh) put in. Next 
0.5 or 1 g. of the fuel and other substances, to be mentioiu'd later, 
are introduced into the reaction-vessel, and the (‘ov(>r (whos(^ 
valve if it should have gottem wet, has to be dih'd) put on. 
While pressing N upwards, the charge is well shakc'n, then 
lightly tapped to settle the mass f>n the bottom, tlu^ valv(‘ K 
tried to see if it works easily, hk attacluHl and vessc'l I> inserbHl 
in A. The cover, G, is now put on, also pulley, E, and the cord 
put over the latter, then the thermometer, r, is arranged a-s shown 
in the figure. The stirrer is operatwl (alK)ut .'1 minuto) until 
the thermometer reading is perfec.tly constant, the reatling 
recorded but the motor kept going to the end of tlie t(*st. 

Ignition is effected by means of a glowing piece? of iron wirt^ 
10 mm. in length and 2.5 mm. in (liameter, w(‘ighing alK)ut 
0.4 g. Such a piece can be used fn^cpKintly until its weight is 
considerably less than 0.4 g. At a tempemUmi of 7(K) degre(*s 
this wire carries 0.4 X 0.12 X 700 = 53.0 cal., wliteh eorre.spondH 
to an increase of temperature of 0.010 degn'cs in the? calorimetf?r. 
As readings are made with an exactness of 0.(K)5 dt'gree, correc- 
tion is made by subtracting from the temiH'rat.un? n'conlwl 0.015 
degree. The iron wire is seized by means of curvcsl twtH?z(im, 
heated to red glow in a Bunsen flame, allowed to fall through N 
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into till' |•(‘a(•ti(l^-V(‘ss('l; then A' is pressc'il down with trlu* i\v('('Z('rs 
and (juickly n'k'asnd, so (hat. t.!i(^ iron falls out of K without any 
gas (‘scaping at L. A nois(‘ is lu'ard for scwTral sc'conds, and the 
t(‘nip('ratun‘ rises first rapidly tluai slowly. After 4 or 5 minutes 
th(‘ inaximmn is reaclu'd, which retnains constant for about /> 
ininut('s, tlu'n (he reading is recordt'd. 4’he (csti now Ixung 
linislu'd, (he motor is s(.opp(‘d and th(‘ a|)para(us talmn apart. 
Cylituler, /J, is put. iido a dish filled wit.h warm watc'r, wlu‘r(‘iu 
its contents an' dissolvc'd accompanii'd by t.lu' gcmcration of 
heat. Aft(‘r in'idralizing th(( solution with hydrochloric, acid 
it is easily noticed wlx'ther unbunu'd particles of coal are 
prc'sent, in which c!is(‘ the test is unsuccc'ssful. This, however, 
liappens only with anthracite', wlu'ii jx'rsulphate of potosh has 
not iM'i'ti add('d. With bituminous coal an addition of tartaric; 
acid is suHicit'id , while with lignite simply double the amount of 
coal is us('d, without tlu' addition of anything. Vessel, I), is 
imuK'diately washed and dric'd. 

’TIk' water-vahu' of the ealonnucU'r is 12.‘{.r» g. (whi(;h should 
1 m' ('h('cked): w(' liave tla'n'fon', including the (■alorirnet(;r-water, 
212.'{.r> g. According to mma'rous b'sts (with an iiKTcase of 
(('luperature I' I) 74 p('r cent of tlu' lu'at generated is from 
th('. ('(tmbustion proiu'r, 27 per e('nt from the reaction of the 
[inKlucts of combustion with Na./) and Na^Oj respectively. 
If I g. of coal has h('('n hunu'd (lignite), 0.72 X 2122.5 {I' ~ t) 
lAAO it' /) cal. an' g(*nerat('d. We; have therefore simply 
to (h'duct (I.Olo degn'c (for tin; lu'at introduced with the hot 
iron-win') from tlu' n'conU'd diffc'rence of t('m|)('raturcs t' — t 
and to multiply th(' (juantity obtaiiasl by bWO, to get the 
tlu'rmal-value of I g. of coal. 

With bitumiiKHts coals, of which 0.5 g. is ased, the. difference 
of tem|«*ratun; recorded would have to l)e multipli(;d by 2100. 
Pn’vioijsly liowevf'r 0.H5 degn;e has to Ik; deducted for 0.5 g. of 
tartaric acid and 0.4 g. of iron at 700 d(;grees. 

With anthracite tlie following imints have to l)e observed: 
1.0 g. of }«;rsulphate and 0.4 g. of iron (effect an increase of 
ternjmratun; of O.l.Wdt'gns;; on the other hand, 0.5 g. of tartaric 
acid and 0.4 g. of iron (;ff(;(;t, as wo have se(m above, an increase 
of 0.85. Binccs only ono piece; of iron is us(h1 for ignition we have 
to deduct tho corres|K)nding incr(;aso of temperature and we 
therefore liave as correction for 0.5 g. tartaric acid, 1.0 g. of 
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})ersul})hate and 0.4 g. of iron, O.So | 0. loo O.Olo 0.90 
degree. 

If the sodium peroxide is too moist, tlu' n'sults ohtaiiuMl are 
too high; in sucli a ease a seeond t(s^t is mad<‘ with O.o g. of 
tartaric acid and about 7 g. of sodium iK'roxidc'. If now thc‘ 
temperature of the (‘alorinuder inereast‘s mon' than O.Nd dt‘gr(H\ 
this has to be considered in the main t(‘st by d(*dueting 0. If) 
degree for every 0.1 d(‘gree of obs(‘r\'(‘d additicaud inenaise. 
This correction howevca* (‘an b(' avoidinl if th(‘ p(‘roxidc‘ is k(‘pi 
in air-tight cans of 7)0 g. or 100 g. (‘apacity. 

Care must be taken not to throw the mixture^ of coal and 
peroxide into water, as otherwise an explosion might take place. 
This is also the reason wliy the interior of th(‘ valve has to l>e 
kept absolutely dry. 

Parallel tests made by Lunge and Parr with Parr's (adorimeter 
and Mahler's bomb gave the results shown in d'able XXXV. 


TABLE XXXV. 


TESTS WITH CAHR’S (CALORIMETER. 


Kind of Coal. 

Water, 

A.sh. 

Thc*rmttl Valuts ; 

DifTrr^ 






1 

Mall- 

k*r. 

l*arr. 

fare. 

Ruhr flaming 
coal 

2.0 

7.1 

7685 1 

7688) 
7703 j 

8075 

•7695 

' f 10 

Ruhr coal. . . . 

1.3 

6.6 

8069 


■f 16 

Anthracite. . . 

1.5 

6.7 

7981 

7967 j 
8013 i 

; 7900 

“f 9 

Coke 

0,6 

13,0 

6640 

6649 i 
6726 1 

• 6687 

+ 47 

Welsh 

Anthracite. . 

2.0 

4.2 

8049 

8044 1 
7998 i 

•8021 

^2$ 

English 
Anthracite, . 

' 2.4 

4.6 

8365 

8324 i 
8327 j 

-8326 

--39 

Belgium 
‘Braiaette. . . 

2.4 

10.7 

7409 

7378 ) 
7409 5 

•7304 

i 

i -U 

1 

Saar coal .... 

4.0 

11.7 

6594 

6634 


+ 40 

Cardiff coal. . 

2.2 

1 7.2 

7872 

7936 


+ 64 

Saar coal .... 

3.5 

: 8.4 

7146 

7161 ) 
7207 5 

; 7184 

4 38 

Lignite 
Briquette. , . 

15.17 


6037 

5084) 
6068 5 

;6O70 

1 

+ 39 


Atldilbiii. 


OJOO g, Tiirtarie nciti 

0,5 g, Tartiiric iwfkl 
LOOO g. l\»riiulplitite 

0.000 g. Tartaric iicicl 
OJOO g. Tartaric ackl 

OJOO g. Tiirtarlc aeiii 

OJOO g. Tart, acid + 
LOOOg, Pitriulplmlc 

OJOO g. Tartaric acid 

0.500 g. Tartiiric acid 
OJOO g. Tfirtiiric iwdd 

OJOO g. Tartaric acid 

No tiddltion but 
LOOO g. of coal first 
dried thru burned 
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’'IVsi-hoih'rs tiwd fordi'U'rminitiff the tlu'nnal value of fuels on 
a largt* scale dilTer fnnu ordinary boilers; the heat-loss('s in eoni- 
inon boih'rs art' uot sullieiently uniforui. Therefon' an especially 
(■onstru('te<l ealoriiiK'U'r-boiler has to be used (sec' Musjjratt). 

It should 1 h' k<‘pt in mind in all (Udvrininations of heating 
values that these values vary with the' pn'ssure and the tem- 
perature at which th<' combustion takes place'. This is eef 
importaiu'e', as we' e-an he're'by e-alculate the the'rmal e'Hie'ie'ue'.y e)f 
a fue'l uneh'r dilTe're'iit e'e)nelitie>ns, anel in e'eenune're'ial weirk, where' 
e'eimbustion take's jilace' at e'emstant pre'ssure', thee (igure's eebtaine'el 
in the' iMUub (e'onstant veihnne') have tei be e'eerrecte’el. Tlu'se 
variatieeiis eif the' e'e>mbustie)n he'at are' bfiseel on the we'll-kne)wn 
eiK'rgy pritie-iple': the sum e>f the' e'nergy-eiuan title's ae'e'umulate'el 
in the' interieir eif a syste'in, whe'ii the latte'r change's fremi eerie 
state to anothe'r, is e'se'lusive'ly ele'iienele'iit ein the initial anel 
final state' anel ineh'pe'nele'ut eif thee internu'eliate' slate. In the 
siH’cial e’ase' whe'H' the' initial anel the' final state are alike (cir- 
cular preie-e'SH), this sum is eejual tei naught. 

In the> feilleiwing e'einsieh'ration the he'at generate'el by the 
system anel ele'livert'el emtsiele anel alsei the incre'ase eif veilume of 
tire' syste'm is take'U as pemitive'. 

Hvlaliom Iwtu'irn comhuHtion heat at cmManl volume and at 
romtant premitre. 'I'he* e'eimbustiein he'at at ceinstant pre'ssure is 
gre'ate'r tlian at e-enistant veiluine'. If e'ennliustiein take's plae'C at 
l)“ (!. the* ilifTe'n'ne'e' of the* twei e'ennbustiein-he'iits is, in e'al., O.M 
time's the* e'eintrae’tiein eif luolecular-veilume which takes place in 
the e'emibirstiein. 

If we Irurn a gas-mixture' at ceinstant pre'ssure we obtain a 
he'at ejuantity Q. At first thee veilume eif the gas is inere'ase'el by 
the* he'at, their it elecnrase's, while ceieiling eiff to the starting tem- 
jM'rature*, to a volume* which is smaller than the initial volume, 
'riie* difTe'rt'tie'e of volume's eeeirresireinels to the ceintraction cfTectcd 
by elei're'ase of tire* nurnlie'r erf merlee'ules prersent eluring com- 
bustion. 

If we allow the eermbustion to taker place in a cylinder (closed 
at one enel, anel fitterd with an air-tight piston which can move 
up anel elowrr wntlrout friertion), we can lift this piston after com- 
bustion anel when the gastrs haver eoeiloel elown ter the initial 
temiarrature, so that the pnxluebe of combustion occupy the 
original volume. The work exireneleei thereby is APV . 
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If, however, the eombustion takes place at constant volume, 
the heat cjuantity q is generated. According to the abovi' 
explanations we have 

q^Q- APV, 


or since 


we have 


A 


- J_ 

428 


q ^ Q- 


PV _ 
428 ' 


If the system contains n inols we have a(;cording to Boyle-Gay- 
Lussac’s law. 


PV - nRT - n 


^ oYn m 

273 - 


If we substitute for 


we have 


T = 273, 

Po “ 10,333 kg. per sq. m., 
» 0.02242 cu. m., 


q ’=‘ Q 




273 


“PA 


.. 1033 X 0.02242 X 273 

■” V — n — 

273 X 428 
^ Q — n 0.5411 cal. 

We can obtain the same value much (easier by considering that 
we have for 1 mol of the gases 

ilf (Cp — Cp) — 1.982 cal. 

and that the gas-equation referred to absolute temf^erature rmts 
on the supposition that the gas laws are correct down to alsiolute 
zero and that the gases at this temperature occupy no volume. 
We have 

? - Q - APV 
» Q - M (Cp - O y 
^ 1.982 X 273 

^ 1000 

■■ Q — 0.5411 cal. per mol. 
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Thin (‘(Illation (aiabl(‘s us to transform (‘ombustion lumts obtained 
(in th(‘ bomb) with (*onstant voliimi' into e.ombiistion heat of 
constant |)r(\ssur(‘« P(‘r mol. of the substaiwe Inirncd we have: 


TABLK XXXVI. 


ICiU'titHi. 


IL f 11,0 , 

(!0 -f O - (H), . . 

i db -f CO) -I o 

(Ml, + 20, - CO, 
i 4' 50,) - 


- i (II/) f (H),) 

f 211,0 

2(’(), f II/) . . 


(’out me- 
tion 


(XmibuHtiou Ht'ul 
at ('onstuiit 


ill Mols. 

Voliinu'. ‘ 

Pn'.sKurc 

...j 

1 .5 

68.2 

69.0 

0.5 

67.9 

68,2 

1 

68.0 

68.5 

2 

212.4 

213.5 

1.5 

314.9 

315.7 


All thcHp calciilutionH refer to tlu' ease when* water is formed 
in tlie eomhustion (upiK'r heat value). For getting the lower 
heat value the laU'iit. heat of evaporation of water (10.8 cal. per 
tnol) has to 1 k' (hslueted. 

It follows also from e(iuation pv ItT that wherever 1 mol 
of a gas at any pn-ssurt', p, is gemerated or disappears, the 
external work /n» H7' 1.082 7’ cal. will Ixs e.onsumecl or 

gcujerated. l''or the average^ air-temperature of 18® C. this 
(piautity (»f work therefore is 1.082 (278 | 18) 582 cal. In 

eases when', as in the homh, the gjises are actually generated or 
disappear, this [ilK'nomenon is taken into account by the com- 
bustion heat, which is measured directly. This, however, is not 
the c.m<e in Parr’s calorimet(*r, since* here no ga.seous oxygen is 
originally present and since the products of combustion formed 
ilisjtppear again. The (hstermination of carbon is here not 
alTectinl, the formation of Cl\ taking place without change of 
volume. It is difh'wnt with hydrogtm, since a contraction 
takes place duriiig its (Hunbustion, but not in Parr’s calorimeter. 
Therefons this caloritneter does not idvt' combustion heat 
at constent volume, but at constant pnssaure, which accounts for 
the fact that the rt^sults found with Parr’s calorimeter are higher 
than the rcsulte found with the bomb. 

The following law can te derived directly from the energy 
principle above mentioncxl ; 

The hoat generated in a direct reaction is the sum of all 
heat quantities that are generated, provided that from a given 
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initial state the final state is roiichcd by various consecutive 
reactions. 

This law can be used for calculating reaction heats that (‘.annot 
be measured directly, for instance, the heat of formation of 
carbon-monoxide ; 


C + Oj = COj generated q 

C + 0 CO generated (/i 

CO H- 0 ~ COj generated q.^ 


We have according to our law, 


Therefore 


q - </, + f/r 

<lx ^ <1 ~ (h 

= 94.3 - 08.2 =■ 2(5.1 cal. 


94.3 cal. 
X cal. 
08.2 cal. 


By this method the heat of formation of all organic compounds 
is calculated by deducting from their combustion-heats the heat 
of the elementary components, for instance; 

C -I- + 2 O, « CO, + 2 H,Og - 94.3 ■+■ 2 X (59.0 - 232.3 cal. 

C -I- H‘ - CH‘ q, ™ X cal. 

CH^ + 2 0, - CO, + 2 H,0?, ™ 213.5 cal. 

q,^q- q, 

». 232.3 - 213.5 ™ 18.8 cal. 


Vice versa we can calculate from the heats of formation of 
organic compounds (which are found in the thermo-chemical 
tables) their heats of combustion, for instance;: 

C, (Diamond) + H,»“C,ID q ^ — 58.1 cal. 

2 C, + 2 0, ”*2 CO, q^™ 188.(5 cal. i< 

H, + 0 -H,0 (liquid) f/,- + (59.0 cal.} 

C,H, + 50 -200, + H,0 (liquid) q, - x 

qz’^qi + q3-q 

-188.6 + (59.0 - (- 53.1) - 315.7 cal. 

Relations between combustion lieat and comlmstion tem- 
perature. The combustion heat changes with the temperature. 
The change depends on the fact whether the difference of specific 
heats of the system before and after combustion is positive or 
negative. We will show this by an example: 
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W(i will calcnilato the combustion boat of hydrogen at 1000° C., 
supposing that the water formed remains in form of steam. We 
have then at 15° C. : 

II, + O - 11,0 (st(uun) 5 “ + <»9.0 - 10.8 = +58.2 cal. 

If we burn the hydrogen at 15° C. and heat the steam formed to 
1000 degrees, we have : 

/.looo 

cdt - 58.2 - 11.0 

I.') 

- -17.2 cal. 


If w'e heat hydrogen and oxygon to 1000 degrees and then burn 
them at this temperature, we have 

..KKI 

- / (e, + e,) dt + - - (7.5 + 3.7) + 

15 

11.2 + qnfOQ 


and from this; 


7io«) 7i» 


J »10(K) 

(c - c, -c,) 

IK 


d( — 58.4 cal. 


In this case the difference is small, in others much greater. 
We have, for instance, for CO + O = CO„ 

-.1000 

7.5- / erf/ « 08.2 - 12.4 

•■'IS 

- 55.8 cal. 


J ,10(HI 

(Cj + Cj) dt + (iiojo *“ 7iooo 11.1, 

15 


and therefore 


q^^ - 00.9 cal. 


If we indicate the heat-capacities of the system in the initial 
and final state liy c, and c„ we can express this (Kirchhoff’s) 
law by the general formula: 

7i, - 7< + (c, + c„) (/i - /). 



CHAPTER. V. 


INDIRECT METHODS FOR DETERMINING THE COMBUS- 
TION HEAT. 

(a) Calculation of tlw thermal ealue jrom the elenu-nturi/ 
analysis. The fuels used in the industries arc mixtures of 
different, not entirely known, chemical {■ompounds. As tlu'sc 
compounds have different thermal values it is evident that the 
calculation of the thermal value from the element.ary analysis 
does not yield exact results. Furthermon^ tlu^ makiiifi of an 
elementary analysis is more complicatol and more tiHlious than 
the combustion in a bomb, the difficulty of fretting a k(mh 1 averaRti 
sample being the same in Iwth (lases. 

For certain fuels, however, by using the prop(‘r empirical 
formula a result can be obtained that is sufficiently gocsl for 
many practical purposes. 

For bituminous coal the following fonnula is used (Dulong) : 

8080 C + 34000 (H - 
’ ■ KKI 

while for lignite, peat and wo(mI, the formula 

8080 C 4- 29633 H, ~ 637 (W + W,) 

, - - 100 

is used. 

In these equations 
C is the per cent of carbon ; 

H, the per cent of hydrogen ; 

0, the per cent of oxygen, and 

Hi, the per cent of disposable hydrogen (H, *■ H ~ j| 0). 

W means the per cent of chemically combined water (W « | O). 
Wj means the per cent of hygroscopic water. 

Note. — Every coal — even dry coal — contalna carbon, oxygen and nitro- 
gen. It was formerly thought that the 0 with a |>art of H was present 
as chemically combined water. The excess of H was oalM “disposable 
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8080 means the eombustiou heat of carbon (Favro and Hilbcr- 
rnann). 

84,()()() tJieans tlu! combustion heat of hydrogen to water. 

29,()88 means tiie comluxstion heat of hydrogen to steam. 

()87 means th('. heat of evajxoration of water. 

If a coal (iontains (iojnbustible sulphur, i.e. sulphur in other 
form than sulphates, souui lu^at in th<^ combustion is also generated 
by the sul[)hur, which is taken into consideration Ixy adding to 
the abov(^ formula the product of the ))ercentagc sulphur S by 
Wrf' f'al. 

(b) BeHhier’a tnelliod for determming the thermal valm. 
Berthier’s method is based on the determination of the oxygen- 
(}uantity rexjuired for the complete combustion of the fuel and 
on Welter’s law, the incorrectness of which was proven long ago. 
This method however is still in use on account of its extraordinary 
simplicity. Welter supposed that, by burning a certain and 
constant quantity of oxygen with any other element, always the 
same amount of heat would be generated. This however is not 
the case, since 1 kg. of oxygen in combination with the following 
sutffitances generates the following amounts of heat: 


Carlxxn to carbon dioxide 3030 cal. 

Hydrogen to water 4272 cal. 

Hydrogen to steam 4192 cal. 


As Berthier’s calculation is based on the quantity of heat 
corresponding to the combustion of carbon to carbon dioxide by 
means of oxygen, it is evident that the results 
will generally be too low and the lower the 
more disposable hydrogen is contained in the 
fuel. Berthier proceeded as follows; 1 g. (of 
graphite 0.5 g.) of the finely ground fuel 
is weighed exactly and mixed with sifted 
litharge, which is free of metallic particles. 
The. mixture is put into a test-cup (Pig. 29), 
covered with from 20 to 25 g. of litharge, care- 
fully put into a red-hot muffle-furnace, covered 
and quickly heated to red -glow; in from 
three-fourths to one hour the operation is 
finished and the litharge according to the fuel quantity reduced, 
by oxidizing the fuel : 

2 PbO + C » 2 Pb + CO,. 



Kill, au 

<'<wl 'IVntor* 
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From the weight of tlie inetiillie lead ol)taiiie(l, the (juantity of 
oxygen combined with the fuel can be calculatc'd. The test-cup 
is now removed from the muflle, shak('n up sev('ral tinu's to 
combine the small lead-parti (des, that may b(‘ distribut'd through 
the litharge, with the main lead mass and allow(’d to cool. The 
cup is now broken, the piecic ('f k'ad bruslu'd clean, and tlu^ 
litharge examined for particle's of k'ad. 

In calculating the thermal value, the hydroge'ii jtrc'se'iit is 
not taken into consideration, i.a. it is jissumed that only tlu' 
oxygen has combined with carl)on. Since i kg. <*arbon re- 
duces about 34 kg. of lead and yields by etombustion H(),S() 
cal., the weight of the lead obtained is simply divided by 
34 multiplied by 8080 for getting thee al>se)lutee the^rmal 
value of the fuel in eiuestion. Sulphur we)ukl have te) Ixe 
detennined separately anel taken inte) e;e)nsieIemtie)M as explaine'el 
above. 

Various modifications eef Berthier’s teest were recommenekiel. 
Forchhammer suggesteMl the use e)f e)xye'.hk)riele ejf k^ael iti place 
of litharge. Munre)e uses inste^ael e)f thee te'st-e-up a gaa-[)i()e 
provieled with a plug at one enel, while Htre)hmeyer oxielizea the 
fuel by means of cuprie; e)xiele, tre'-ating the re'sieluum with hyelro- 
chloric acid and ferric ediloriele anel ekdennining the ferrous 
chloride formeel by titratie)n. 

(c) Other empirkal metkxh for determining the fuel value.. An 
important advance is the empirical fonnula of Dr. Otb) (Imelin, 
based upon a few simple ofXJrations, which givew very much 
better results than Berthier’s pre)ceH8. 

Gmelin assurneel that the eiejals are mixtures of various chem- 
ical compounds, which compounels eliffer fre)m each other not 
only chemically, but also physically. He selecteel such a physical 
property, the ability of retaining hygre^scopic water and baseel 
his empirical fonnula upon this prof)erty: 

q » [100 - (H,0 + “ash”)] 80- C (0 H,0), 

in which equation HjO means the hygroscopic water, “ash,” the 
ash-content of the fuel in per cent and C n coefficient which 
changes with the moisture of the coal and has the following 
values: 



MKTUOIM FOR DETmMINlNG COMIiVSTlOX HKAT 113 


Hygroscopic wator below 3 per cent f ’ - - 4 

Hygroscopic water between 3 and 4.5 per cent. . C - + (> 

Hygroscopic water between 4..') and S.O percent V =- + 12 
Hygroscopiewater between S.f) and 12.0 per cent C - + 10 

Hygros(^opic watc'r betw('(',n 12 and 20 per cent . C ■■■= + 8 

Hygros(U)pic, watc'r Ix'twc'en 20 and 28 per cent . C - + (i 

Hygroscopic water over 28 per cent C = + 4 

Hevc'ti years later the author tri('d to utilize more simple 
properties that would be inon' iiub'jtendent of a(;c.idental circum- 
statues than tiie moistun', and also be n'lated to the (ihemical 
composition and tlu'n'fore to the combustion-heat of the fuels. 
He selected the behavior of fuels in dry distillation and the 
determination of tlu^ oxygcui reciuirod for complete combustion. 
He proceeds as follows : 

About 1 g. of th(^ finely powdered fuel is weighed in a platinum- 
crucible and — after <let<Tmining the moisture W by drying 
at 100° 0. — is heated (observing ordinary pre(!autiona) until 
combustible gases an^ given off. The loss of wdght in per cent 
represents the gjis-yi('ld O'. Tlie residuum P per cent is now 
completely burned in the open, inclined crucible whereby the 
ash (iontent A and the fixed carlx)n or c,oke-(;arbon K is found. 
The latt('r however always contains negligible (luantities of 
oxyg(m, hydrogen and nitrogen. 

The (piantity of oxygen nxiuired *S' is most conveniently 
determined with alK)Ut b g. of fuel by Berthier’s method. 

The (}uantity of oxyg(m retiuired for burning the fixed' carbon 
is found by the following eejuation: 

32 8 

K, ±1 A' ^ - A. 

* 12 3 

Tlio oxygen for completely burning the gaseous products of 
distillation is: 

-Sk~s -I k. 

The combustion heat of the fixed carbon was (as average) 
empirically determine<l as 7030 cal. per 1 kg. of carbon, while 
the combiustion heat of the gaseous products of distillation varies 
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according to the quality of coal and coinposition of tlii' gase.s of 
distillation. 

The nature of a fuel is indicated by the ratio (weight) of 


gaseous products of distillation and fi.xed carbon 



and even 


more so by the ratio of the oxygen re((uir(‘<l for (he volatile 

■ 'riu' 

latter ratio is used empiri<!ally for d(>(,('nnining tla^ tlu-rnial- 
value of a fuel by means of tlu^ (‘(luation: 


q ~ 7(!.;i() K + (' 


.S’.. 


100 


wherein (7 is a coefficient, the value of which depends ()n the 
quality of the fuel (wood, peat, lignih^, coal) and tlu' ratio 


TABLE XXXVII. 


IIATJO OK Kg TO Kk. 



Valutas of r for 







Wood tuit! 
IVnti . 

LlMidtt'. 

Bitiitn. 

0.25 


5500 

4300 

36(K) 

:ifioo 

0.50 

4930 

LOO 

4830 

3420 

3260 

1.50 

4750 

3350 

3225 

2.00 

4600 

3350 

3210 

2.50 

4570 

3360 

3200 

3.00 

4470 

3370 

3iao 

3.50 

4360 


3170 

4.00 

4255 

3500 

3150 

4.50 

4150 


3140 

3130 

5.00 

4045 

3700 

5.50 

3940 


3120 

6.00 

3830 

3950 

3100 

6.50 



30SO 

3070 

3060 

3050 

7.00 



7.50 



8.00 



, 



In order to make the formula independent of the kind of fuel 
and to base the calculation of the thermal value entirely u|)on 
the content of moisture, ash, gas, fixed carbon and oxygrm 
required for combustion, the different fuels were <Uvided into 
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four groups according t.o their ability to give off gas when dry 
and free of ash and tlui value of C calculated for eacli of the 

groups according to the' dilTenad. values of *-/' ■ The following 

table by means of which the thermal value can be detennined 
without any knovvledg(> of the <iuality of the fuel — is easily 
undersUxxl. 

T,\U1,K xxxvm. 


IIATA eon ni'n'KUMININCi 'I'IIKHMAI, VAUtKS. 



The following empirical formulas have since been proposed: 
By G. Arth; 


?- 


mm c^r - j 0) + 8080 <7 + 2102 a 
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By E. Goutal (a niodification of Juptnor’s fornmla): 
q = 8150 G AM. 

M is the quantity of volatile matter, A a coefficient the value 


of which is ; 

Volatile substances = 2 to 15 per cent A = 18, ()()() 

Volatile substances = 15 to 80 per cent A 10,000 

Volatile substances = 30 to 85 per (^ent . ... A - 0.500 

Volatile substances = 35 to 40 j)er cent . ... A ~ 9(K)0 


The international union of the steam-boiler-inspecition societies 
has adopted the following formula : 

q - 1^8000 C + 2900 ( ^ ^ 

in which W means the quantity of hygrosco{)ic, water. The 
differences against direct calorimetric determinations arc (L. C. 
Wolff): 

For bituminous (;oal ± 2 [ler (^cnt 

For lignite ± 5 per cent 

For peat ± 8 p(>r c(>nt 

For cellulose -- 7.9 p(ir cent 

For wood ± 12 per cent 

By D. Mendcleeff: q = 81 C + 3(K) H - 20 (0 - S). 

I), de Pacpe has substituted for the value M in Goutal’s 

, , . 100 M 

formula the expression ‘ 

SnaoKSTioNS for Lkssons. 

Practice in handling various comhustion-calorimeters: deter- 
mination of water-value and error-limit. 

Comparative determination of the conibustion heat by different 
methods. 

Calculation of combustion heat at constant pressure from the 
combustion heat at constant volume and vice versa. 

Calculation of combustion heats for given combustion tem- 
peratures. 



CHAITER VI. 


INCOMPLETE COMBUSTION. 

Thk complete eoitibustion of the fiu'ls used in the industries 
yields carbon (lioxid(‘ and water. The chemical c()mi)osition of 
the fucd Ixdng known, tlu^ (luantity of oxygen theoretically 
nxiuired for compl(d.(^ combustion is easily cakadated. This 
cpiantity is calknl tlu^ theoreiical qucmi 'Uy of oxygen ruax^ssary for 
complete combustion. The average composition of dry air, free 
of carbon dioxide, being 

Oxygen 21 per cent vol. 23 per cent weight 

Nitrogen 79 per cent voL 77 per cent weight 

it is a simj)le matter to calculate the theoretical quantity of air 
rtxjuired for complt^te combustion. 

(In many mmm it in Huffiaicnt to calculate approximately and to aBBume 
the comptwition of air: 20 per cent vol. (> lual 80 per cmiit vol N.) The 
(K\ content of the air varies from 0.04 to 0.06 |)c%r cent. In densely inhab- 
itinl buildings it can go lu^ high as 0.5 and even 0.9 i)er cent vol. The 
cpiantity of moisture in the air varies considerably. Air saturated with 
itKMHture contnins per 1 cu.m. 


(J 

n.p. 

C. 

g. llfi. 

-10 

2.284 

+ 25 

22.848 

0 

4.871 

+ 30 

30.096 

Hh 5 

6.795 

+ 35 

39.262 

+ 10 

9.362 

+ 40 

60.700 

+ 15 

12.746 

+ 100 

688.730 

+ 20 

17.157 




The moisture of the air k generally below saturation and above the 
quantity required for saturation. 

In heating tests the moisture of the air has to be determined by means 
of a hygrometer or psych romater. 

In pitictice, however, this theoretical quantity of air is not 
sufficient for complete combustion and therefore an excess of air 
has to be U8e<i. 
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The reason for this is the difficult and inconipleU^ mixture of 
the gases to be burned with the c.oinbuHtion air and tlu* occiirreiuH' 
of incomplete reactions. 

The incomplete combustion can therefore furnish various 
products, as follows: 


C + 0 
+ 0 , 

C,H, + 0 


I CO, or 

liCO^ + iC 

|2 COj + 2 Hj, or 
12 CO + 2 HjO 
(CO + CH„ or 
CO + C + 2 or 
IC,H, + H, 0 , etc. 


The number of different reactions that can take place simul- 
taneously and in parallel is frequently very great. The nurnter 
of reactions and the quantity of {)roducts depend on the pre- 
vailing conditions. 

In all these cases we speak of a (diemical e(iuilibriuin which 
depends on the so-called equilibrium-conditions. Bueh condi- 
tions are: Temperature, pressure, electric state and the mutual 
relation of the elementary components present, i.e. the concen- 
tration. By a change of the conditions, tlie stote of e(juilibrium 
is changed as follows (Henry Le Chatelier) : 

Any change in an equilibrium factor causes a cliange in tin* 
system which is directly opposite to the change in the factor. 

This law is best explaineti by an example: 


1. Any increase of temperature causes a change, which tends 
to decrease the temperature of the system and viee verm. 
Example : 

(fl) Dissociation: 

COj — > CO + 0 — 68.2 cal. 

H3O — ♦ Hj + 0 — 58.2 cal. 


In both reactions heat is absorbed and therefore both are 
caused or facilitated by increase of temperature. 

The reaction 

2C0-4C + CO, + 42.0 cal. 

in which heat is liberated, is faciliteted by decr^tse of tem- 
perature. Carbon monoxide is therefore more stable at high 
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than at low t('m|H‘raturo,s. In the presonee of platinum, iron or 
(‘Bpticially nick(‘l in lino, Hpongy form this reaction takes place 
completc^ly at about .‘100° (1. 

{b) Inc.oinpleU' reaittiona: 

CO, I M, ~>CO + H,0 - local. 

CII, + CO C,II, 4 H,0 - ;19 cal. 

In lK)th rcwtioiiM absoriition of heat takes pla(;e; they are 
therelort^ (•ai!H<!(l and facilitated by irun'ease of temperature. 
At low bunperature more CO, + H„ or CH, + CO; at high 
temperatimi tnore CO f 11,0 or C,H, + 11,0, will be present. 

The reaction 

tX) + H,0 — > CO, + 11,0 + 10 cal. 

will naturally Ire facilitated by lowering the temperature. 

2. Any iiu'reaae of outside pressure causes a change of equi- 
librium, by which the pressure is decreased and vice versa. 
Examples: 

(а) Dissociation: 

200^ -2CO + 0, 

2 H,0 -4 2 H, + 0,. 

By the dissociation of CO, or 11, 0 the volume, or (at constant 
volume) the pnissure is increased 50 per cent. The dissociation 
will therefore inertiasr^ with decreasing pressure and decrease 
with increasing pressure. 

(б) Incomplete reactions: 

C,H, + H, -> CH, + C. 

The volunre of solid carbon, which is exceedingly small, need 
not lx's (sonsidererl. The volume, however (or at constant 
volume the prty^sunO.of the CH, formed is only half of the volume 
of the original mixtures of C,H, and H,. The reaction is th ere- 
foro facilitatexl bv incre^ng the pre^u re. This is proven by 
exjrKon in clotS^aSels, whereby the quantity of CH^ and C 
inoreasw with the pressure. 

The equilibrium 

C0 + H,0?=tC0, + H, 

is (if the water is in form of steam) independent of the pressure, 
aa we have on both sides the same volume and therefore also the 
same pressure. 
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The reaction 

2 00 - C + 00, 

is decreased by decreasing the pressure because the volume and 
therefore also the pressure of 00, is only half that of 2 (X). 

3. Any increase in concentration of a substance in a system 
causes a change in the state of e(iuilibrium, in which a certain 
quantity of this substance is nunovc'd and via; mr.sa (mass- 
action). The quantitative expression for the relations b(^tw<‘en 
chemical equilibrium and equilibrium-conditions is dilTerent if 
the equilibrium at a certain temperatun^ or the eejuilihrium at 
any temperature is considered. In the first case, i.e. for tlu' 
isothermic eciuilibrium, the law of mass-action; in the second, 
general case, van’t Hoff’s or Jx; (Ihatc'lic'r’s ecpiation has to Ixi 
applied. 

For gas-mixtures the latter eciuation is pit'ferable as the 
nuinerical concentration results dinudly fn)m the volumetric 
composition of the gases. 

We want to consider now an example of great importance in 
the industries. 


Dissociation of Carbon Dioxidk. 


At high temperature carbon dioxide is decomimaed according 
to the equation : 


(X), CO 1- i ((),). 


Le Chatelier’s equation in general form is; 

1 pO dT 

_ J + (N"~N') I P + ^ n,/ C, - <?, constant. 

In this equation stands for the total heat of reaction (sum 
of heat generated and external work perfonned by the itiaetion, 
both expressed in cal.) at the temiierature T, P m the prefmure 
of the system, N" and N' the numlier of molecuk» on the right 
and left side of the equation, n, and », the numlier of molecules, 
Cj and (7, the concenWtiona of the different sulwtances taking 
part in the reaction, index 1 meaning the initial system, and 2 Hw 
final system. 
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1^1 


If \v(^ use ilui common in, stead of the mitural logaritlims and 
if we make • r)()(), we. can write our eciuation: 

I'O (IT / 

500 j t- 2.;i02(; (N" N') log /> I 2.;i02() [Xn, 1<>S C, 

^ i) '“'instant. 

N" N' 1.5 - 1 -='0.5, 


thciH'forc 


fu^ 

If we make the total eoneentration of tlu' sysU'in after the 
establishment of CHiuililjrium ■■ 1, w(! have 


tl t (1 + ('. 


1 . 


( 1 ) 


Assuming that no surplus-oxygen is j)resent, w’e conclude 
from the reaction eejuation: 


(1 ■= iO 


( 2 ) 


We call X. the ratio ht'tweem the dissociatc'd (;arbon dioxide, 
(t.e. the carl«)n monoxide* formed) and the ([uantity of COj 
that would 1 h 5 pnwent if no diasoeiation had taken place, i.e. 
+■ C„,,, the cooHicient of dissociation, and we have 


V> h 0 

^ mo ' t'tif 


(3) 


There can be deduced from (1) and (2) the following equations : 
- 1 

and therefore 

e„„ 


1 " -iCo. + C. 


hc^ 
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from this 


or 


and 


(1 


- C C ) 

' <V> '■ CO ’ 


2 X 


■'i 




r 

2'f -r 




2;r 


2(1 - x) 
^ ^ (2 I- x) (2 + x) 

By substituting those throe values, wc have* 


log K - log 




(I - X) (2 f x)^ 


For finding the constant the following olworvations of Henry 
Sainte-Claire-Deville arc used : 

P - 1 at. 

T - a(K)0 f 27.2 - .2272. 

X - 0.40. 

If we assume (in acoordan(!<^ with Ix‘ ('hatelier) the total heat 
of reaction of the reaction 00 + O - * Ci\ to lx* indcfHmdent of 
temperature, and taking Q =• 08.2 (;al., we hav(‘ 


/ B8 2 dT 

+ 1.1.51.2 log P + 2..2()20log 
— Constant; 

or as for P i at., log P «» 0. 


(1 - j) (2 + j)* 


500 X 08.2 


(0.4)« 


Constant- - + 2.3021, lo* - .. . 11.7192, 

therefore 

— + 1.1513 log P + 2.3026 log K » ~ 11.7194, 


or 


log K -= - 11.7192 - 1.1513 log Pj ~ 

- 5.0895 - 0.6 log P. 


1 

Jb2» 


14809 
■ T 
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From tliis Le (lhatelior has (*al(*ulai(‘(l tlu' values of x given in 
l\il)le XXXIX, 


TABLE XXXIX. 

COHFKKnKNTS OK I)ISSO('lATl()N. 

{ L<* (Uiul.clier). 




IVossiin* in AMnosplicn's. 



I'nijKTuturo 


.. 




- 


0 . ()()] 

0.01 

0 . 1 

1 

10 

100 

1000 

0.007 

0.003 

0.0013 

0.0006 

0.0003 

0.00015 

1500 

0.07 

0.035 

0.017 

0.008 

0.004 

0,002 

2000 

0.40 

0.125 

0.08 

0.04 

0.03 

0.025 

2500 

0.81 

0.60 

0.40 

0.19 

0.09 

0.04 

3000 

0.94 

0.80 

0.60 

0.40 

0.21 

0.10 

3500 

0.90 

0.85 

0.70 

0.53 

0.32 

0.15 

4000 

0.97 

0.90 

0.80 

0 . 63 

0.45 

0.25 


The niKultn of thcHC calculatioriK agree with the ol)servatioii8 
nuule at ir)(K)° 0. on the density of (‘.arl>on dioxide. 

If we keep in mind that it is the partial pressure of carbon 
dioxide that is (U^alt with heni, we t^an make from the above 
table the following eonelusiona, whie.h are of importance in 
practice : 

1. ^tmlling furtkOceH. In smelting furnaces the maxiinuni 
temperature reached is 2()()()° C., and the maximum partial 
pressure of carbon dioxick- is about 0.2 !i1.. Therc^ is therefore 
about 5 per cent of t.lu^ latter dissoctiaU^d, whicdi decreases the 
capacity of the furnact' to a small extent (maximum but 
generally miudi kws on account of the excess of air used, wliich 
diminishes the dissociation of ciarbon dioxide). 

2. llhmiimUing flarnex. The luminous flame-zone, in which 
the separated carlK)n is burned, seems to have in ordinary 
flames a temperatuns of about 2000® C. ; in regenerative-burners 
the temjK^rature is higher. On account of the high perciontagci 
of hydrogen in illuminants, the COj — partial — pressure falls 
bolow 0.1 at. Therefore the dissociatioti can go above 10 per 
cent, the flame-temperatun*, decreasing accordingly. The illu- 
minating {)ower, which increases much faster than the temper- 
ature, decreases to a much larger extent, which shows that the 
dissociation is an important factor in illuminating flames. 
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3. Exjdommu. Thoir coinhustion-tciiiitcniturc is iu iii<).st 
cases below 2500° (1. and always Ik'Iow :i(KK)'’ ('. As the pressure 
of carbon dioxide herdn goes into thousands of atniosphen's, 
the dissociation doc's not hav(> to lx* considered. 

On account of the very high pressures, in using th<' ('([uili- 
briuin ecjuations for e.xi)losives, the law (tf Boyl<‘-(lHy-ijUs.sac 
(PV = nItT) must not be used; it is necessary to introdue** into 
the equation a (constant h : 

P{V - b) - nItT. 


Similar conditions prevail in tlu^ dissociation of waU*r. As 
we have seen above, we have (if no excess of oxygt'ti is pnwent) : 


and 


a, 


a. 




2x. 

— , (juantity of oxyg(‘n 

2 T ^ 

/ 

2"’ +■ X 

X 

X 

2 + X 

2 I- X 

2 (1 - j: ) 

2(1 x) 

2 + X 

’ 2'i- X 

Sum 

2 

2 I- X 


If we have (n + 1) tiinw the (juantity of oxygen, the etfuation 
for the reaction reads as follows: 

COj + (n) 0, - CO + (n + i) (\ 

and we have, after the equilibrium has Ixsen established, 
xf mols CO 
(I - x') mols CO, 

^1- ,p mols 0, 

= 1 + - + n mok 
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aiul tliercforc 


r 


/ ___ 
x' 

1 4 - 


'>. -I 


f aj' + 2 n 


C, 




.r ' + 2 n 
'i 4- a:' + 2 n 


C 




1 - x' 

'x' 

I +■ ^ + 


2 (I - x') _ 

2 + x' + 2n ’ 


Thereforo 


^ 2 a/ / x' + 2 n M 

,■ (<^'««) 2 + y 4- 2» \2 + x' + 2 7t/ 

'' -,,rY 

2 + X' I 2 n 

, / a-' I 2 H. Y 

\2 1 x' I 2n) x'* I x' (2^!.)* 

I ■■ x' (1 ~ x') (2 -i- x' + 2a0* 

Ah K ncc.cHHarily han tho natnc value as in the former caHC, 
we can aay : 

X* x^» + a/ (2 n)^ 

xfCi^f "x)* (1"- ?) (2 T~^'T 2 n)4 ' 

If we had uhchI twice tho theionitical amount of oxygen, n 
would have l)een etiual to one (n «» 1) and we would have 

X* a/* + a/ v^2 x'* + a/ '^2 

(1 - x) (2 "TxF (i^-7)-^2 T''x'T 2)* “ (1^7(4 +y)‘ 

x'»J: 1.414^ 

(i'’™7’y"(4~+V)* ' 
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Wc found (hoc above) x - O.Oo for at 2000“ and 0.2 at 
l^artial pressure. Substituting this valiu', \v(^ get.: 


O.OSii 

O.Od (2.0;i)i 


0.000(«)2 


.(•'« I l.{lf2x' 

(I .r') (I I x'V^’ 


an equation from which x' can easily be calculatctl. We see at 
a glance that x' is smaller than x. 



CHAPTER VII. 


COMBUSTION-TEMPERATURE. 

Thk itiaximuin Uaujx'niUirc that a fuel could produce if 
bunuul oonipl(U.cly, without any Iohh of h(^at, with the theoretical 
quantity of air, we call pyroirw^tric, luiatiug-effeet. It in gener- 
ally calculated fi'om the c(iuatiou: 



wherein 7 Htanda for tlu^ (piantity of heat generated by com- 
buation, and c and p for the .specific, heat and the quantity of 
c.oinponentH (^ontairuMl in the i)roduct.s of combustion re.spee- 
tively. This Unuperaturc^ however can never be attained in 
VjiEactic.e. 

The teinperaturcis of inditstrial fires and fire-places depend on: 

1. The ipiatitity of heat furnished by the fuel, which consists of 

(a) The heat of coiul)ustion projjer and 
(/>) The hc‘at previously Htore(l, i.e. the heat-content of 
the sulxstancc's us(ul. 

2 . The heat carriinl away by the i)roducts of combustion 
which may be latent {for instance, CO leaving a blast-furnace). 

.’i 'riie heat lost by radiation. 

4. The heat generated or alworbed by the substances to be 
t.n^atel. 

r>. Thelpiantity of heat used for forming and expanding tlie 
gases generated in the fire. 

There is a redation between all these quantities, wliich can be 
deduced from the. principle of conservation of energy. 

Procetxling froni the fuel, air and substances to be worked, in . 
the first stage, the sum of all heat-ejuantities introduced into or 
generated in the fire, is independent of the order in which the 
transformations take place, depending only on the first andiust 
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We therefore can say that tlie ((uantity of lu'at iiitro<lue('(l 
into the furnace is eciual to the (luantity takc'ii out (»f t lie furnace. 

The heat introduced into or seneraU'd in tlu' furnace* (‘(luals 
the heat taken from the furnace. 

These (luantities of heat c.onsist of: 

1. Heat introduced into the furnace by fuel, air and sub- 
stances to be worked (l)y their own temperature). 

2. Heat of coud)Ustion. 

8. Heat of reaction of tlu* substance's to be worked. 

4. Heat (iontent of the coinbustion ga.ses. 

5. Heat content of the finished products. 

(). Loss of heat by radiation. 

Since the absolute; he'at-e;e)ntent e>f the substjuice'.s as they 
enter or as they leave the furnae'e* e-anneet be* eh'te'rtnine'd, we leave; 
to be satisfie;el with a relative ele;terminatie>n >j:e;ne>rally re'fe'rre'd 
to a eiertain neermal ce)nelitie)n, which serve's as a base* feer the* e-al- 
culatie)ns. As sue'h the ternperatiu'e; eef nu'llinn ie-e* is ge'ne>rally 
usc;el. 

Ijot us imagine an iele'al furnae'e whie'h pe'rfe'e'tly insulates the* 
heat anel in whie;h lU) weerking pretelue-ts are* pre'.s('nt. If we' 
intre)eluce into this furnace fue'l anel air of a e-eTtnin te'inpe'rat lire* 
(say ()°C.), allow e‘ombustie)n e)f same' and tlie'U e'eteel the' e'eun- 
bustietn gase's te; the initial tempe'rature* (()"('.), we have; the' 
e;ciuatie)n : 

He;at e)f eeeinbustieui - He'at e)f e'e>e)ling. 

A. The heat of e;e)mbustie)n is a knetwn ejuantity. The' he*at 
of cooling is the elifferene'.e; eef the; he;at-e;e)nte;nt eef the; e'eunbustiem 
piwlucts at the; tempe;rature; at whie'h tlu'y le'uve; the* furnae'e' 
and at the starting temperature; (here; 0® ().), to which we* imagine* 
them ce)oleel again in the enel. In e)ur ietea! furmie'e*, the* heeats 
of combustion anel of eoe)lit>g are; eepiai. The* preKlue'ts e>f (;om- 
biLstion leave the furnace at the e;e)mbustie)n ti‘mjH*ratun*, whie*h, 
as we will see, is easily e;alculateal. 

The heat content is eejual to the weight e>f the e;t)jnbustiont>nHl- 
jucts multiplied by their specific he;at anel th<;ir tt;m}M;rature. If 
•we use the absolute temperature;, we <)l)tain the toU! he;at con- 
tent; if we use the temperature in oontigraeie w«; obtain the heat- 
quiWitity, by which the substance in question is richer than at 
0 °$. 
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.V'' 

calculatiiif!; l.h(‘ ))yr()motn(^ heating elTeet, ionnerly th(' 
sjKM‘ili(‘. lu‘at was taken as (*.onstant, i.e. independent of tein- 
p(‘ratur(‘. Tlu^ following are the figures used: 


tablio XL. 

seiooiKic moA'r ok (JasI':s and VAeoas at (H)nstant puiossurk 

to (init VVoIkIU. ) 


Nanu‘. 

Interval 
of IVm- 

S|M‘ci(ic 

Ob.stTvcr, 


tM‘ra(.ur(‘. 

H(*at. 

Air 

1 )« wo<*.s. 

0-100 

0.23741 

Ilf'‘gnault 

Air 

0—200 

0. 23751 

( )?cygcui , . , , 

13—207 

0.21751 

“ 

Nitrogen . . . . 

0-200 

0.2438 • 

u 

Hydrogen 

12— H)H 

3.4090 

tl 

(hirbon nionoxidt* . , . 

23- 09 

0.2425 

Wiedemann 

(hirlion monoxide . . 

20—1 OH 

0.2426 


(hirbon dioxide 

15-100 

0.20246 

H/‘gnault 

(( 

( Xtrbon dioxide 

11—214 

0.21602 

Water Vapor 

128—217 

0.48051 

it 

Methane 

18-208 

0.59295 

n 

Kthylerie 

24-100 

0.3880 

VViedemanu 


By tncatiH of Ihcso li}j;iir(‘s th(' toitiix'raiuni of coinbu.stion of 
carlMiii in piirt' oxyf^on is oalculatcxl as follows: 


SOSO 
X 0^217 


10201 ” V:* 


The eornhuHtion of coal in the theoretical amount of air should 
give : 


;i.(i(l 7 X (1 217 f S 1 ) 2 ¥x’ ( t 244 


2710 ° (It 


while the combustion of carlK)n with double the volume of air 
would yield J: 


SOSO 

:bfK[ 7 'x¥ 21 ^^^^^^^ 57238 ' 

8080 


0.702 + 2.179 + 2.700 


1410 ° ( 1 . 


^ By the ecimbaitiori of 1 kg. oarl>on to (X)^ 8080 cal. are generated; 
•‘iClfl7 C'X)g ap'i thenihy formed, having a ipeciflo heat of 0,217. 

t 8.929 1^. nitirtigen are preiant in the air of combustion besides 2,667 kg. y 
oxygen. 

J 11.596 kg. Is tha weight of the surplus air. 
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TABLE XLl. 

COMBUSTION DATA ON VAItlOUS UNITS. 


t^mbuatioii of 

(Jonihus- 
tion Heat 
in (5al. 

t’oni 

With Pu 
Oxygen, 


Of 1 unit 



(woiKht) i 

Hydrogen to steam 

28780 

6670 

Carbon (amorphous) to carbon 
dioxide 

8080 

10201 

Carbon (amoiphous) to carbon 
monoxide 

i 2400 

I 

Wood dried at 120*^ 

3600 


Wood ordinary with 20 per cent 
hygroscopic water ... 

2750 


Coke 

6860 



Of 1 Liter 


.[lluminating gas 

6.0 

7500 

Methane OIL to CO, and ILO 
fc^thylene 0, H, to (fo, and H^O . 

Of I Mol. 
191930 

7160 

313200 

8620 

Carbon monoxide (K) to (X)^. 

68370 

7180 

Water gas CO + FL to (X), *f 11,0 
lienssole to (X5, and 11,0 ... 

125930 

6940 

773400 



Dt'KrfH’H 

With th«* 
ru'C'cHHiiry 
air Vohimt‘. 

I 

2«65 

2719 

1400 

2500 

1900 

2400 

2500 

2440 

2750 

3040 

2800 

2790 


With 

tin* 

iUr V^ohirm*. 




1410 


1300 

1 100 
1340 


If the combustion of fiul aiul air taki's place at any ofhi'r 
temperature than 0 cIcKroes, proper allowances must Ik* made. 
If we had to burn, for instance, 1 kg. of hydrogmi of .W(l witli 
exactly the theoretical amount of dry air of 2(PC’., the (|uantity 
of heat available after combustion is figured as follows: 

1 kg. of hydrogen of fif C. contains 1 x 3.4(H) 


X 50 170.4.5 cal. 

8 kg. of oxygen of 20° C. contain S x 0.217 

X20. , ;}4.K8 cal. 

26.64 kg. of nitrogen (which are prtwent in the 
corabustion-air besides the oxygen) of 
20degree8 contain 26.64 X 0.244 X 20. . - 65.00 cal. 

Sum of the heat supplied before combustion , . » 270..T1 cai. 

The combustion of 1 kg. of hydrogen to steam 

yields 28,780.00 cal. 

Heat quantity available after combustion .... - ‘^.OoO.'a'i cal. 
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On the otlu'r hand tlu^ heat capacity of tlie combustion pro- 
ducts is; 


Steam (1 I- 8) x O. lSOf) 
Nitrogen 2().(il X 0.21 1. 
d'otal 


The temperature of combustion thendore is; 


20,or)().;w 

io.s2r» 


21)83° V. 


•1.32r) cal. 
()..^)()() cal. 
K).82r) cal. 


If the temperatuH' ol hydroj^en and air before combustion 
had be(‘n the temperatun' of combustion (a(;cordiug to 

d'ablo XIjI) would have been 2()()/> degrees. The heating of 
the hydrogen to f)0 d(‘grees and of th(> air to 20 degrees therefore 
increases the temperature of combustion by 2083'- 2()(>r) == 18° C. 

The r(‘Hu lts of these tnethods of calculation are too high, as 
of sitl)statK;es increas(;s cor)si(TembIy with the 
ten»per|ttur(>. 'I’he law governing the* relations of specific heat 
auTT'Temperatun' (for gas('s) can be expressed ac(;ording to Le 
(lhatelier by one of the general (Hgiations 


or 


C„ O.f) + aT 
V, -l.r) f af. 


('■!> and stand for the average specific heat of 1 gram- 
molecule at constant pressure or constant volume respectively, 
T is the al)solute temiieratun*, a has the following values for 
difTenuit gases: 


for 2 atomic gases (H,, Nj, Oj, (X)) a = O.OOOfi 

for(X), a - (}.()()37 

for H,() « - ().()029 

for C5H4 a - 0.001)8 


The total heat content of a gas at the temperature T « Cj,xT 
or C„ X T and the difference of the heat content of a gas between 
T and T# is C,, {T — T^) and C* (T - T#) respectively. 

For simplifying the calculation the following table gives the 
values of C„ (T - T^), also the difference {Cp ~ C„) {T ~ T^) 
- A X P {V Vi) « nAR [T - T^, i.e. the external work 
according to H. Le Chatelier. 
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TABLE XLII. 
data on kxtkrnad work. 


Tomporatiini ® ('. 

0 

liOO 

400 

000 

HOO 

(X),N„()„ n, 

0 

1.4 

2.8 

4.3 

5.8 

ILO 

0 

1.8 

3.7 

6.0 

8.2 

(X), 

0 

1.9 

4.0 

6.4 

9.0 

Work 

AU(T~TJ 

0 

0.4 

0.8 

1.2 

1 

1.6 



* 



1 

1 


Tt^ini)(‘ratur(' ^ (’. 


(X), N„ ()„ ll, 

ILO 

(X\ 

Work 

AR(T - T,) 


1800 

2000 

14.2 

16.0 

24.0 

28.3 

27.3 

32.0 

3.6 

4.0 


2200 

17.3 

32.5 

38,2 

4 4 


iOOO 

1200 

1 too 

7.4 

9.0 

10 7 

n.o 

14.0 

17.0 

12.4 

15.5 

19.2 

2.0 

2.4 

2.8 

2400 

2000 

2H00 

19.1 

21 0 

22,9 

36.8 

41 ,5 

46 4 

43.7 

49 6 

55.4 

4.8 ' 

5,2 

5 6 


ICHM) 

12.5 

20,3 

23.1 

3 . 2 

3000 


24, 

51 

61. 


Kxamplk: (kituilatioti of tii<* (•otnho.st.ion h<‘at, of hydrofjon 
ill air. Pure dry air coiitaitw in KM) niols. 

20.S a, f 7<).2 N„ or alH»ut, 

20 Oj I SO N.^, or ahoul, 4 iooIh. A' for (•very ttuil. (}. 

The corrd)ii.sfcion of liydrogon vvidi (ho tlicorotioul Hiiioimt of 
air thoreforo c.orrcHpoiulK to tho (‘((uutiou; 

//, f i ((),) I- 2 N, lip \ 2 N,. 

In thiH e.(]uation wo have at constant pnwun' a conilmstion lu'at 
of 58.2 cal. “ 58,200 cal. for every mol. of ImnuHl hydrofi^en. 
The products of combustion consist of 1 mol. steam (11,0) and 
1 mol. nitrogen. Hiiuic the combustion heat is eciual to tlu' 
cooling heat, we have: 

58,200 - 0.5 {T - To) + 0.(M)2f) (r - T,^) + 2 [0.5 (T - 7,) 

+ 0.0006 (r» ~ Tp] » 19.5 (T - To) f 0.(K)41 (T’ ■ ■ To^). 

If To 0° C. and x the ternfieraturo (in ° C.) to lie found, we 
have 

To - 273 and T - 273 + x and 
58,2(K) - 19.5 X + 0.0041 (646 x + x*). 



(H)M. liUSTlON TEMrEHA TURK 1 

1 his is a <iua(lrati(‘ (‘([ualion Ui(‘ solution of which is not at 
all chllitnilt, hut tnost convcnictitly obtaincMl by graphical (‘on- 
structiou. Wv know that the c.()nibusti()n-teinp('rature is in 
the mu|i;hborhocHl of 2(){)(f (k (-alculating the (*oolin^ heats for 
t(unp(‘ratur(‘s in this n(‘if!;hborhoo(l vv(^ have, using Table XLI: 



IKOO'^ 

2000'' 

2200° ( 1 . 

2400° ('. 

140 

2N3 

24.0 

28.4 

28.:) 

;j2.o 

32 . 5 

34.6 

36.8 

38.2 



62.4 j 

60.,'i 

67.1 

75.0 


The coitibustion ternp(‘rature in (luestion therefore must be 
betw(Hni 1H(K) and 2()()(f (\ liy taking the cooling-heats as ordi- 
nates and the t(nnp(U‘atures as abscissas we obtain the curve 
shown in Fig. 30. By marking on the ordinate-axis the heat- 



Fia, 30. — Dittgmiti for Oombiistion 'rc*mt)amt urc»«. 


gtnieruUoti (r)H.2 cal.) drawing from here a horizontel line to ite 
int<'r«‘<d.i()n with the curve, and a vertical line through the 
interat'ction point, we H«i tliat the vertical line intersects the 
axis of tem{K>rature at a iK)int corresponding to the required 
cmnbustion-tenijKsrature {19()0°C.). An analogous calculation 
is appli(Hl if the combustion takes place at constant volume (for 
instance, in Mahler’s Iwmb). The combustion heat at constant 
volume (taking the water as steam) is 58 calories. The heat 
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iieceMsary for lieatiiig is ol)tainc(l by (Icducting llit' (‘Xb'rnnl 
work 3 AR {T ~ To) : 



IHOO^ 


22(H)''* i 

24(10*’ 

lituit rfuiuircd ut conKl.aiit prchsmin* 
External work . 

52.4 

10. S 

' 00 3 ■ 

12,0 ^ 

1 

07.1 i 

13.2 i 

i 75.0 
14.4 

DifTcrcirico 

41. (i 1 

! 

4K.a 1 

53 . 0 1 

60 . 6 



From Fig.3l we sec that, the combustion-temperature is 2320” (k 
In this calculation the dissociation is not considenKl; tlu^refoni 



Ft<}. 31. — Diivgram for (’oiubimtiou Titmpwatur««. 


the calculated temperaturtis are slightly too high. The dis- 
sociation however can be taken into consideration by inserting 
in the temperature equation the c<K^fficient f)f dissocuation as a 
function of the temperature. Generally, howeviu, a different 
method is pursued. 

As an example we will discuss the combustion of carbon 
monoxide. Calculating the combustion-tem|)oraturo without 
considering the dissociation, we find as the rt‘su!t 21(K)® C. We 
know from the preceding chapter that the cot^fficient of dissocia- 
tion of carbon dioxide at this tem{)erature and at a partial 
pressure of 0.20 atm. is 0.06. The heat-^neration rMulting 
from combustion therefore is 68 (I - 0.00) « 64 caJi. 
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In cakuilatiug tlu^ cooling-heat of the conil)iistion-procluctvS 
we have", to take ().()() k‘ss (X).^ (tlie amount dissociated at this 
tempt^rature), and we have to add O.OtJ 00 + 0.03 O^, wliereby 
th(‘ h(‘at> nHiuin^d for heating is decreased by 

0.00 ( 33 .S 1,5 X I(). 0 ) 0.0 X S .9 - 5.34 cal. 

Th(* h(‘at of (‘omhustion is then^fore 2050 instead of 
210(f V. 

Analogous ciiknilatious show the following values for the 
(H)inhuHtion”temp('raturc of different gases with air (‘containing 
20 pen* (‘,ent of oxygen at an initial temperature of 0*^ C., without 
considc^ring the dissociation; 


3 'ABLE XLin. 


(X)MBUHTION«TEMPr 


iRATirilE OF VAXUOtJS GASES. 


At (constant 


ii, 

CO 

i (CO + II,) 

on, to CO, + 2H,(>. 
(UI, to (H> + 211,0. 


l*rcaHiir(‘. 

Volume. 

1960“ ( ' 

2320° C 

2100“ 0 

2430° C 

2040“ C! 

2370° C 

1860“ V. 

2160° 0 

1626“ C 

1860° 0 


By coinjjariiig with tiui {jpcviously ctalculatod teiiipera- 
tur<!H of conihuHtion (wiiu'h w(*r« obtairuid l)y asHUining the 
Hpecifie lu'atH to lx? (u)n.statit) the cxcobh of the latter can be noted. 


(loMHUSTION-^rKMI'KItATUKK OF’ BoUI) SUBSTANCES. 

. The Hauie method of calculation can be applied to the com- 
bustion of solid substances as carbon, coals, etc. We suppose 
again the air to contain 20 per cent volume of oxygen. For sim- 
plifying the calculation such quantities of the solid fuel are used 
that the volume of the gases of combustion (reduced to 0° C. and 
7(50 mm. pressiin!) is 22.42 liters, i.e. corresponds to a mol., 
Ixseauso the volumetric composition of the combustion gases 
then shows directly the number of mols of the <hfferent gas- 
constituents pr^ent. 
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We will now (‘onsidcu’ IIk! coiubusticn heal ol juiiorphous 
carbon, which differs from that of diamond or f^raphite. 


12 g. diamond yields h l-d <‘al. 

12 g. graphite yields S) l-N cal. 

12 g. amorpli. carbon yi(dds h~.<> cal. 


According to the ecpiation 

0 + 0, + 4 N, ^ (X), I- 4 N,: 

the composition of the combustion gas(w is; 


COj 20 per ctmt volume' 

Nj MO per cent volume 


In order to obtain a molecular volume (22.42 liters) of eom- 
bustion-gases 0.2 gram-atoms of carbon must 1 h* burned, which 
yields by the combustion: 

Q - 0.20 X 97.(i - lO.f) cal. 

The heating of the combustion-produets reeiuires: 


For (!Oa. . 
For 4Na. . 

Total 


2(HH} r. 1 


6 40 

7 64 

12, HO 

13.84 

10.20 ! 

21,48 


The combustion-temperatimi in (juestion therefon' is 2020“ C. 
Actually, however, not only (X), is fornwHl by tht^ combustion, 
but also, according to circumstances, either fn*e oxygen (dis- 
sociation), or carbon monoxide or steam (fn)m hygrosco{>ic 
water). Accordingly we get the following nwults: 

CoMmrsTioN of AMonmotm (>)An. 

Theoretically, if (X)j is formwl (‘xclusively. . . 2020® (1. 


With 5 per cent oxygen lO.OO® (1. 

With 5 per cent carbon monoxide 1900° C. 

Theoretically, with 25 g. of water jKjr I kg. 

carbon 1950° C. 

Combustion to carbon monoxide 1250° C. 
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The (^oiiibustion-toiupcniture of a natural coal iis figured by a 
similar method. As an e.\anij)le we take bituminous coal of 
Commeutry showing tlui following composition : 


C 

il 

() 

N 

llygroac. 

Ash . 

Total. . . . 


7r).2 per cent 
5.2 ])cr cent 
<S.2 per cent 

1.0 j)er cent 
3.4 per cent 

7.0 per cent 
lOO.O i)er c,ent 


The (lomposition of the combu.stion gases is (calculated as 
follows : 


( 10 , 

H,() hygrose.opic; 
from coal 


752 ; 12 - 

34 ; IH 
52 : 2 - 


02.7 


1.9 

20.0 


27.9 


( 1 ) 

( 2 ) 


N: By the (combustion there are formed: 


(X), with 02.7 0 

H,() with 13.0 O 

Total tKJO 

From the coal 2.5 0 

Difference 73.2 O 


Tills 73.2 O corriisponds to 

4 X73.2 - 292.8 N1 

N from (coal 10 : 28 - ■. . . (1.4 N S 

Total fnnn (1), (2), (3) 3813.8 volume. 


(3) 


Tluc volumetric composition of the comhustion-gascca therefore 
is: 

.... 100 X ()2.7 Hn 4 4. 1 

CX), - ,j u ~ "• per cent voL 

„,J0()X27.9 , , 

HjO A™ - 7.27 per cent vol. 

KK) X 293.2 , , 

N ■ -“".juol, ” cent vol. 

Total i(X).00 per cent vol. 
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From this we can ligure the lu'at of tlu' comlmstioii gjises: 

1800° (1. 2000° 2200°('. 

17.053 19.508 21.820 

The coinhustion heat is 

Q = 19.888 eal. 

and the combustion-temperature 2031° C. 

CoMBUSTION-TKMrERATURK OI'' PRODUCER (tAS. 

As we shall see later there are freciueutly uscmI in t lu' in<lustri('s 
gaseous fuels, which allow a Indter utilization <»f heat. 'I’he 
ideal composition of such a j)roducer gius is: 

CO + 2 N,. 

Theoretically, this gas reejuinw for combustion 

i ((),) + 2 N, 

and yields 

CO, + 4 N,. 

The combustion of CO + i (0,) -f 4 N, givw 08 eal. 

If the gas is heated before* combustion to f(KK)°(l., .5.5 x 7.3 
= 40 cal. are required. The. total amount of heat, therefore, on 
which the calculation of the combustiojutemperature has t.o Ik^ 
based is (i8 + 40 - 108 (tab 


TABLE -KLIV, 

HEAT OF THE <X)MnUSTlON PROmTOTri 



2000®. i 

j 

2200® C*. i 

2400" (*. 

COa. 

32.0 

m..2 j 

' 43.7 

4N, 

64.0 

60.2 1 

76.4 

Total 

06.0 

107.4 1 

120 1 


Combustion-temperature « 2220° C, 


, The same gas gives under different conditions: 

Theoretically, cold 15(X)° C. ; cold, 5 jM'r cent O 1210° C. 

Gas -f air 500° 1800° C.; cold, 5 {wsr cent CO 1320° C. 

Gas H- air, 1000° 2220° C. 



COM HUSTIOX TICMPliKA TUlU': 
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The. air us(h1 for tlu‘ ])I•(Hlu<^lion ef produci'r a.l\vays eoiiiains 
varying (iuaiiti(.ie.s of water vajier or sh'ain, which is (h'com- 
posed by coining in contact with glowing coal, so that the gas 
contains less nitrogen. With an average content of 2.50 g. of 
wati'r pc'r kilogram of coal, tlm gas obtained contains p(“r grain- 
atom of carbon: 

CO d i (II.,) -1 fj (N.,). 

The combustion-temperatun' of this gas is: 


(his 1 air: cold 15.50° C. 

Oas I air: .500° 10.50° C. 

(las f air: 1000° 2250° (I 


In jiractice howevi'r the composition of firoducer gas differs 
from the above, since it always contains some (X), and II^O and 
also (if bituminous coal or lignite is used) gasi'ous hydrocarbons. 
Ah an example the following analysis of such a gas is given 
(referred to I mol. of gas mixture): 


(X) 


' ' 'a ■ 

lip 

N... 


0.20 vol. 
O.IO vol. 
0.05 vol. 
0.02 vol. 
0.05 vol. 


1.00 vol. 


The combustion of this gas yields: 


TABLE .XLV. 

OOMIltTSTION OF I’UOmiOKU CUS. 

C bintnwtlori 

(’CL 0.25 

H/). .............. 0.12 

N., 1,23 

Total 1.60 


The calculation shows the following combustion-temperature: 

Qas and air: cold 1350° C. 

Gas and air: 1(KM)° 2150° C. 
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HU(-U3I0ST1()NS for IjHSSONS. 

Calculation of the (*()mbustion~tenii)eraturc' of a fuc^l of kno^n 
composition and combustion heat; usin^ different ([uantities of 
combustion air, at difTercmt t(nnperaturi\s of fu(‘I and air. 

Calculation of the conibustion-teinpcn-atun* if th(‘ (’oinposition 
of the combustion j»;ases (at dilTerent t(‘inperaiun‘ of find and air) 
is given, besides tlie composition and tlu^ thermal value of tlie 
fuel 



OHAI’TKR VIIL 


FUELS. (IlSr GENERAL.) 

Wk call “fuel” any substance which cotubines with oxygen 
ac(^oiui)ani('(l by tlu^ gcuuTation of heat and therefore can be 
us(‘(l in practice; !is a source of power. 

Under tlu; U'nn “fuel” in the widest sense of the word we 
include solids and lieiuids containing c.arbon (wood, |)eat, coal, 
coke, oil, tar, alcohol, etc.) and gases containing carbon or hydro- 
gen (illununating gas, natural gas, producer gas, watcT gas, etc.) 
and also various other substanc(!s, the oxidation of which is used 
in the industries as a source of heat. Some of the latter sub- 
stances are: 

Sulphur, which is used in southern Italy for smelting crude 
aulpliur {th('. n^jison being that no other fuel can be obtained 
as cheaf)ly). 

Sulphides (FeS,) an; used as fuel in the roasting of ore. In 
the. Bessemer pro(;ess the silicon of tin; crude iron (acid process) 
or the phosphorous (basic proceas) is used as fuel. 

TAHLK .KbVI. 


(!r,ASsrFroATK)N OF Ftmr-H, 


Klml of Fiii'l. 

a) Niituml. 

b) Artificial . 

A. HoHtI ................ 

WocmI, peat, lignita, hi- 
turn, coal, antliracitc. 

('^liarcoal, coka, (hri- 


quattcH). 

B. Uc|ukl ..... 

Oil . 

Tar, tar oil, alcohol, etc. 

Illuminating gas, pro- 
ducer gas, water gas, 
Dowaon gas, blast 
, furnace gas', acetylene, 
etc. 

0, ........... 

Natural gas 
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Lately Goldsehiuult has introduced aluinini\nn as a fuel (ther- 
mit). A mixture of fine-grained aluminium and ('('rtain oxides 
(FgjO^, etc.), wlion ignited, continues to burn and generaU's 
consuicrable heat: Fe^Oj + 2 AI ”■ Al^O, f 2 Fe. 'riiis |»roc<‘ss 
is used for the reduction of metals, preparation of metals and 
alloys, free of carbon, generation of high hunperatures for W(dd- 
ing, melting, casting, (iba 

In this work we will tn'al. only the first two groups given 
above, which arc commonly called fuels in the true senst^ of 
word. 

A. Holii) Fuions. 

(a) Natural Solid Fuels, Wood, Feud, lAfjrule, Foal atul 
Anthracite. 

All these fuels contain : 

1. Ash, which remains after combustion. 

2. Hygroscopic water, sometimes calltal moistur(a 

3. A substance containing the combustibles and consisting 
mainly of carbon and variable (luant.iti<^s of hydrogen, oxygen and 
nitrogen. The composition of this sulwtiince free of water and 
ash is as follows for the diffenuit fuels: 


TABLE .XLVII. 

eOMl'OSITION OK I.'ITKJ,S. 


^ Fuel, 

(briijK)Hltioa of tho Huh- 
Htaaco (frtHi of Wattif und 
Ash). 

Thor- 

mat 

Valtio. 

('oko. 

V^ota- 

till' 

Mill" 


0% 

H% 

O +■ N% 

(’al. 


turn. 

% 

Wood 

51 

6 

43 

4700 

mill -cii king . , 


Poat 

58 

6 

36 

5900 i 

mm-eokiiig. . 

70 

Lignite — 

70 

5 

25 

6500 

mm-cmkiiig . , . 

50 

Bitura. coal: 
lean, long flam- 






, iwf:-- 

80—84 

5.5 

12—10 

8200 

i liiiiily calking . 

35—40 

fat, long flaming 

84—88 

5 

10 

8600 

enkitig . 

30—35 

fat, short flam- 



i 


ing 

86-90 

5—4.5 

7— S.5 

' 8700 

funking 

16—23 

lean, short flam- 





, 

Anthracite ....... 

90-93 

95 

4. 5-3. 5 
2 

6.5— 4.5 
.1 

8600 

8200 

bwlly ftiking . 
mm calking. . . 

6 ^44 
3 


The ash content varias from about 5 {)er cent to If) ikt cent. 
The amount of hygroscopic water dei>end8 on the humidity of 



FUELH 
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th(' aini()s|)li(‘r(', and ilu' nature and porosity of the fuel; it 
g(‘n(M*ally increase's in diree't proportion witli the volatile matter. 
(<ok(' forms an exe'.eption as it sometimes contains (‘.onsiderablo 
waU'r, whi(‘h hovve'ver is not hy^roscopie*. but was introdiKa^l by 
th(^ manufae'turin^ pro(*('ss (cooling of tlu'. hot coke: with water). 

Tlu' (‘.oking of fiu'ls by heating is of great pra(‘ti(‘al imi)()rtanc(', 
prev('nting small-size^ coal from falling through the grate bars. 
Small-sized lean coal is troublesome to burn on a grab'. On 
tlu^ otlu'r hand (*.oking too much may (‘ause trouble, as thereby 
a considerable amount of (*oal is prevented from burning up and 
tlu' grab' cannot l)e propc'Hy cleaned. 

Some lean fuc'ls have the property of disintegrating in heat 
and falling through tlu^ grate before l)eing burned up. 

Th(^ natural solid finds are of great importance for the indus- 
trii^s on acc'ount of tlu'ir low cost. They can be classified in 

(a) Vegi'tabk'. fuels: wood. 

(/?) Fossik' fuels: peat, lignite, coal and anthracite. 

(h) Artijlcial Solid Fuels, 

s 

For cc'rtain purposes it is of advantage, to uwe fucln richer in 
carbon than tiie oik^h (xunirring in nature. This is done by 
subjecting the natural solid fuels to dry distillation, whereby 
the following products of deciornposition are fortned: 

1. (hl.S(‘s. 

2. d’ar. 

2. Tar-water. 

4. (Carbonaceous residuum. 

The r('lativ(‘ (luantity of those substances dei)ends on the 
nature of tlu^ substance from which it originated, and the tem- 
perature of distillation. With incr(\asing temi)erature the quan- 
tity of gas is in<tr('ased, but the content of heavy hydrocarbons 
and th(‘refor(‘ the illuminating power decreased. 

The advantages of the coked fuel are: 

1. A fuel of higher thermal value: 

(a) Tlu^ content of carbon of the coked fuel being higher than 
that of the raw fuel. 

(h) The giiseouH products of distillation requiring a great 
amount of heat for their gasification in using crude 
fuel. 
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Tluir(il)y (,1 k! (iost of tnuisi)ort.ali()ii pt'r Iioat unit, i.s (locn'HSi'd. 

2. Cokod fuel burns without smoke. 

3. Coked fuel does not cake or form clinkers. 

4. The sulphur content of the raw fud is decreiised by coking. 

5. Valuable by-products are furnishwl by tlu- coking proc('ss. 

On the other hand we have to c.onshh'r the following disadvan- 
tages of coking. 

1. The coking entails a <-ort}iin exp('ns(' due to heat, fu('l, 
wages and matihinery. 

2. Coked fuel never burns with a long liana', which is (wsential 
in certain cases. 

3. Coking increases the ash content. 

According to the raw material ustnl the cok<;d pr<Kluets an^ 
called : 

(a) Charcoal. 

(h) Peat coal. 

(c) Coke. 

(d) Briquettes. 



OTIAPTrOR IX. 


WOOD. 

'I’liK industrial iini)<)rtancc of wood as (‘uf'l is not very great. 
It. is, howe.V('r, us(^(l to a larg(>. e.xteiit for building and con- 
struction purpose's which inakew a detaik'd discuission (kesirahle. 

According to tlue treues from whic.h the woods originate, they 
may he ckissified as; 

(rt) lioaveul woods: maple, hirch, beech, oak, alder, ash, 
lirukiti, po[)lar, elm, willow, etc. 

(b) Ooniferous woods: red f)ine, pine, larch, fir. 


TAIfLK XLVIir. 

(a.AHHII.'IOATION OK WOODS ACOOIIDINO TO STKOIFK! (UlAVITY. 


Hanl WckrIh. 

Hoft WoodM. 

HiKKiflc (Iravlty (air dry) 
HtHH'Kic (Ifiwity (gn^ni) 

> 0 . fin 

> 0 . 00 

RlM'cinc Omvity (air dry) 
Hpwllk' (Iravity (Rn»(*n) 

< 0 . fifi 

< 0.90 

licoeh 

- 0.77 

Hi Ivor fir 

« 0.48 

Oak 

- 0.71 

Rad pina 

“• 0.47 

A«h 

- 0.07 

Fir 

« 0.55 

Miinlo 

- 0.04 

Larcii 

* 0.47 

FAm 

- 0.57 

Linden 

0.44 

Birch 

0 . 55 

' Willow 

- 0.48 

Akiar 

- 0.54 

Trembling poplar 

» 0.43 



Poplar 

» 0.39 



Black poplar 

- 0.39 


The specific, gravity of wood is somewhat variable : it is greater 
the slower the growth of the tree, i.e., the dryer the soil. Some- 
tiiries the following classification is used. 

1. Hanl woods (leaved woods only) ; oak, beech, white beech, 
ash, maple, birch, etc. 

2. Soft woods (soft leaved woods) ; chestnut, linden, trem- 
bling poplar, willow, etc. 

3. Coniferous woods: fir, silver fir, etc. 
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The spedfict gravities given alxivi' include tlie pores of (lu; 
wood. Excluding the. pon's these figun's are considerably 
higher (Rumford). See Tabhi XLIX. 


TAIJLK .XMX. 

si'Konne (jravity of wood sms-rANCK, 


Wood. 

SiM‘cific’ i 

WtMXl. 

SjM'ClJlf 


(Iruvily. 


( iravil.v. 

Oitk , , 

I . 5344 

Hindi. 

L4K4H 

Beech 

1 . 5284 

Iiind(ni ... 

1 . 4846 

Dlin 

1.5186 

Fir , . 

1,4612 

Poplar 

1 . 4854 

Majde 

1 . 4599 


The following figures relative to specific gravity of wikhIs will 
be of interest: 


TAHI;K L. 


SPKCIFIO ORAVITY OF VARIOUS WOODS. 


Kind oE Tr(«\ 


Scarlet oak 

Beech 

Elm 

Larch 

Pino 

Maple 

Ash 

Birch 

Service 

Fir 

Red i)in0 

Mealy pear 

CheHtnut 

Alder 

Linden 

Black po{)lar . . . . . 

Aapen 

Italian poplar 

Sallow . . 

Pomegranate . . . . . 

Ebony . . 

Dutch box 

Medlar . . 

Oliva 

French box ....... 

Span ish m u Iberry , 
SpaniBh yew 


BriH" 

mn. 


55 


IlartlK. 


(fVmt. 


1.0754 

0.9822 

0.9476 

0.9250 

0.9121 

0.9036 

0.9036 

0.9012 

0.8993 

0.8941 

0.8699 

0.8633 

0,8614 

0.8571 

0.8170 

0.7795 

0.7654 

0.7634 

0.7155 




0.7075 
0.5907 
0.5474 
0.4735 
0.5502 
0.6592 
0 6440 
0.5550 
0,4716 
0.5910 
0 5749 
0,5001 
0.4390 
0.3656 
0 4302 
0,3931 
0.4302 
0.3931 
0.5289 


Wt-ruKk, 

WkB 


0 6441 
0 5452 
0 57KH 

0 4205 
0 5779 
0 6337 
0 5699 

0 4303 
0 3838 


0.3480 

0.4402 


Wiitkkr. 

Wi4l 

0 663 
0 56(1 
0,51H 
0,441 
0,485 
0,618 
0,619 
0 598 
0 552 
0,493 


434 

549 

443 

431 

3411 

418 

501 


Miiwhf'n” 

br«K»k. 


929 

852 

600 


755 

734 


550 

874 

KOO 

604 

383 
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Another elassificuitioii of woods is based on the followin^i; 
properties: 

Th(^ youngest wood of a tree trunk is (‘ailed sap-wood. It 
contains more sap and is lighter in (^)lor than the older wood. 
In some tre(‘.s tlu^ old(‘r wood hardly (‘hangc's (maple, birch, 
whiter b(HM‘h, et(‘.); in some tlu^ sai)-woo(l is darker and dryer 
(linden, hmI pin(‘, (ir tr(H‘, etc.); in some tree's a darkc'r, dryer 
and strong('r wood is fornu'd in the c.ourse of time, whi(‘h is (‘ailed 
lu'art-wood (('bony, walnut, larch, hr, ('te.). 

Tlu' W(ight of wood pih's is of mon^ im[)ortance than the 
sp('cih(‘ gravity. The net cubic (*ontcmts of a wood pile is the 
volume of wood substan(‘e imhuding the i)or('s. Its wenght \n 
kilograms is lOOO tinu's tlie spe(‘ifi(‘. gravity of the wood. The 
gross cubic^ contents of a pile dc'pcnuls upon tlie demsity of the 
pilc^ and tlie moisture of the wood. Furthermore, the density 
depc'tids u[K)n tlie sliape and form of the piece's of wood (cord 
wood, Htov(‘ wood and brush wood). Tlu'- moisture decn'ases 
with tlu^ Icmgtli of time^ the wood is ston'd, down to from 12 to 
13 per (amt. The*. a(*tual c.ontc'uts of the wood jiile is the volume 
of wood Hubstaiuic in a certain volume of wood pile. 


TABLE LL 

ACrrUAL eONTKNT IN CBIl (nONT OF DIFFERKNT WOODS. 


Kind of Wood. 

Mink 

Maxi" 

Aver- 

rnurn. 

numi. 

aR<‘. 

(’or<l wchhI of IcnvoU wood, logwood and hilkd, wood 





of eoniforoiw tmw, Htrong, Minooth and ntraight .. 
(’c»nl wckmI Icnivod an<l eoniforouH woodn, woak.l 


73 

77 

75 

MfotaU-li and i^triUght • - 


68 

72 

70 

(5ord wofHl of coniferouH woods, strong and w'cak, 


r 

knotty and crooked 





Hfovn w'oeal of loav««l wood, strong, smooth, straight J 
C'ortl wooil cd loavwi w'ood, ntrong and weak, knotty*] 





and crooked 

Htovn wcHwl of Icavnd and coniftwouM wood, ntrong 


63 

67 

65 

and weak, smooth and knotty, straight and 
. 





BrnHliwocKl from trunk, coniferous wood 


m 

62 

60 

Brushwood from trunk, lemvwl wood 


63 

67 

55 

BnwhwocKl from Ijranrhos, coniferous wood 


48 

52 

60 

Brushwood from l»ranchw, leaved wood 

IlootwcKMi (l(iavc<i fUid roniforous tree) 

!_ 

42 

4B 

46 
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TABLIO lAI. 

WIOKJHTS OF WOOD IN I’lLIOS. 
(Woods (Mit i» wiiitor.) 


Kind of Tret^ 


Orooii. 


(bnlwood. 
H(‘art™ 


Bark 


i wood. 


Stov(‘- 

wood. 


Brusli. 


StniMHUnl 
('ordw(M>tl. 

' Hoiii’t 


Hark, 


wood. 


St{ivf« 

wood. 


Brush. 


WciKlit in Kilo?rnuns of I Soli<i (’id)i(’ Mi-tt r. 


Red pine 

892 

717 

881 

926 

457 

445 

334 

511 

Pine 

950 

690 

937 

869 

554 

503 

551 

516 

[jiireh 



929 




624 


Mi Ivor fir 



i 


937 




469 


Oak 

741 

923 

968 

903 

548 

669 1 

703 

702 

Red beech 

790 

878 

955 

930 

687 

734 

696 

673 

Ilornbeani 



1019 

1045 



762 

780 

Birch 

978 


986 

734 


712 

Linden 



781 



484 

Maple 



979 



717 

Norway maple 

ioM* 

933 


741 

797 



ChKMICAI., CoMroHITION. 

Wood is coinpoaod chemically of (1) filn'r and ( 2 ) aap. 

The wood fiber ((onniatH mainly of ccIIhIohc ((’, 44.4-t 

per cent; H, 6.17 per (icnt; O, 49.:i9 jx'r eemt). B<‘sid(‘s eellulow^ 
we find other orsanie mattew, Ixjth nitrogtmonH and non-nitrofj;**- 
■ nous, which are generally called “ incruatating nuiterialH. " They 
increase towards the center and cause the dark <-olor. 

The analyses g^ven iti Table LI II show the variations in the 
composition of different woods dry and fnse of ash: (II. Che- 
vandier). 

TABLE LIII. 

COMPOSITION OP DIPKKRKNT WOODS. 


Kind of Treft. 

c 

Per csent. 

fi 

Per cent. 

o and n 

Per eerit. 







6..31 

43.89 



6.03 

42.05 1.28 



6,2S 

4.3.81 

Willow...... 


6J§ 

41.08 0.98 
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The uveraf^ci eonipositioii therefore is: 

0 49.2 

n (i.l 

0 and N 44.7 


'l'h(‘ sap is a solution of various or^anie. (protein, tannic acid, 
v('g(‘tal)k^ acids, starch, suf^ar, essential oils, n^sins) and inorganic 
substance's in waU'r. 

(Considering the usc^ of wood as fuel, only tlu' content of resin, 
vvatc'r and ash has t,o be considered. 

With incrc'asing content of resin, the thermal value increases. 

In order to determine the rc'sin content Hampel treated 
Austrian woods with 90 juir cceit alcohol. Tables LIV gives the 
per cents dissolved. 

TAULIO LIV. 

UHSIN (CONTENT OK WOODS. 


Kifid of 'rrcH* 


Per cent. 


TaxuH Imecata L. (yew) 

Abiw oxcalna I). ('. (fir) 

Larix tntroimm I). (larch). . . . , 

IMruiH HtlvcHtriH L. (pine) 

Acer pHcudaplatamw L. (intiplc) 

KmxinuM cxcc^lntor L. (uah) 

Fhkuh Milvaticiw (ml bocich) 
Bf'tula alba L. (birch) . . . 


7.514 

2.734 

1.807 

1.744 

1.69 

1.47 

1.44 

1.167 


Th(' !ish content of various woods may be taken from Table 
LV. 


. 'l'ABI.K LV. 

ASH OONTKNT OK VAHIOUH WOODS. 



Pi-chH 

WtHHl. 

Old 

Wmal. 


Trunk 

Wood. 

Branch 

Wood. 

Brush 

Wood. 

Pino 

0.13 

0.15 

Oak. 

1.94 

1.49 

1.32 

Oiik 

0/15 

0,11 : 

Boaoh 

0.73 

1.54 

0.72 

Pitoh pina . , 
Birch . . . . < 

0,15 

0,25 

0.15 
0.80 i 

AHpen 

Willow. . . . 

1.49 

2.94 

2.38 
3.68 , 



Thci ash content depends largely on the ash content of the 
soil. Thci moisture changes with the seasons, is the lowest in 
winter and the highest in spring. It also changes with the 
different trees. 
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Kind <»f 'IVcn. 


(Karpin US b etui us . . . 

Salix caprea 

Acer pseudoplataniis 
Sorbus aucuparia. . . 
Fraxinus excelsior. . 

Botula alba 

Querfeus robiir 

Pimis silveatris 

Pinus larix 



TAB I JO bVI. 

MOIBTUUK IN VAUIOI’H WOODH. 


Kind of Tree. 


Wattir 

(’oritctit. 


Hornbeam (CarpimiH betulus). . 

Sallow (Salix caprea) 

Maple (Acer paeudoplatanus) . . 
Service tree (Sorbus aucuparia) 

Ash (BVaxinus excelsior), 

Birch fBetula alba) 

Oak (Quercus robur) 

Pine (riiuiH silvestris, L.) ...... 

Larch (Pinus larix) 


is.e 

26.0 

27.0 
28.3 

28.7 

30.8 

34.7 

30.7 

48. 0 


Tlic rcBcarehcs of Vrollo (Tables LVII) hIiovv how arc tli(> 
variations in the asli content, for instance, in the cjisc of tin* 
cherry tree. 

TABLE LVII. 


ASH CONTENT OI-’ VARIOUS I’ARTS ON A CHERRY TREK. 


Part of lYet*. 

i) 

Pt^ ctmt. 

H 

l*i«r «*nt . 1 

l\*r «wit . 1 

wnt. 

Leaves 

46.016 

6.971 i 

40.910 

7.118 

Upper point of branch, bark 

62.496 

7.312 

36.637 

3,454 

Upper point of branch, wood 

48.369 

6.606 

44.730 

0,301 

Middle part of branch, bark 

48.866 

6.S42 

41.121 

3.682 

Middle part of branch, wood 

4».903 

6.607 

43.366 

0,134 

Lower part of branch, bark 

46.871 

6.670 

44,666 

2.903 

Lower part of branch, wood 

48,003 

6.472 

45.170 

0.354 

Trunk, bark 

46.267 

6.930 

44.756 

2.657 

Trunk, wood 

! 48.926 

6.460 

44.319 

0.296 

Upper part of root, bark. 

49.086 

6.024 

4S.761 

L129 

Upper part of root, wood 

49.S24 

6.286 

44.108 

0.231 

Middle part of root, bark 

60.367 

6.069 

4L920 

1.643 

Middle part of root, wood 

47.399 

6.269 

46.126" 

0.223 

Lower part of root. 

46.068 

5.036 

43,508 

; 5.007 


WOOD 
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IIonn('b(‘rj>;’s rciseufc.luis show how tlic ash content de{)CiulK on 
tll(^ Hoil. Tabic LVlll shovvH the coinpo.sition of beech wooil 
ash: 

TABLE LVlII, 

ASH ANALYHIW. 


(Vimixmt'iitH. 

Linutstoiu*. 

I\*r 

Kitul of Soil. 

(}yi>.sum. 

Per ccnl.. 

Sund.storK*. 
Per (‘(‘lit. 

((Urbotiaio of potuHli 

6.7 1 


j 4.7 

CarbonaUi of HO<la 

11.0 s 

14.6 

\ 3.2 

Sul[)lLat(^ of potaHh 

4.4 

3.4 

23.3 

(Uiloritlo of mKliiun 

0.7 

trace 

5.0 

8oIul)I(i HaltH 

22.8 

18.0 

36.2 

Oarbooaio of liiuo. 

27.4 

30.9 

21.1 

Magnonia 

17.7 

12.2 

12.4 

PhoHphatoH 

15.6 

9.7 

10.9 

Silicic acid 

16.9 

28.7 

18.4 

I imolublc coiopoiicntn 

77.6 

81.5 

61.0 


For tnotallurffieal purixwcH tlie (juantity of phoKphoruH in wood 
is of interest. It. Akerman and Harnstrorn fovaid that: 

1. Ixiaved wood containa from 4 to 5 times as much phos- 
phorus as coniferous trees. 

2. The (juantity of phos[)horuH in the saitie kind of wood 
varies 100 pt!r ecait a(!Cording to the country of origin. 

Fir wood (Uit in winter contains more phosphorus than 
when (nit in s[)ring or sumnu'r. 

4. Tlie trunk contains tht^ least, branches, twigs and especially 
the bark contain the most. 

.5. Thii phosiihorua of sap-wood can to a largo extent easily be 
waslmd out. 

'I'lie moisture of wood depends considerably on the season 
(W(dmebler); 


Kind of Tree. 

Percentage of Water. 

Kncl of January. 

Beginning of 
April. 

Anh 

28.8 

38.6 

MapI© 

33.6 

40.3 

Horae cheitout 

40.2 

47.1 

Fir tree. 

52.7 

61.6 

Prtih ash ! 

28-29 

38-39 

Rad pin© (root) 

52 

61 
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The inoiKtun^ varies in the dilTen'iit^ parts of th<' trees. It is 
higher in the outer parts than in the iiuKU- parts, higia'r in tlu‘ 
branches than in tlui trunk. It also depends on tht> .soil and 
climatic e,ouditions. 

Air drying reduces the moisture after two summers to about 
20 per cent, in very dry suttimers to from 15 to 10 per cent. 

For drying wood more ju'rh'ctly higlu'r temperatun's have to 
be applied. Woods exj josed for two years to 125'^ t’. and 225“ (I 
lost water as shown in Table LIX. ( Vioh'tte) : 

TAUOK Ll.K. 

DATA ON THK HKASONINli OK W(HH). 


Temi>eraturtb 

100 I'iirtx of VV’tKnl off Wiiti'r*. 

Oak. 

AhIi. 

FJiii. 

Walnut , 

125® 0 

15.20 

14.78 

15,32 

15,55 

150® C 

17.93 

10.19 

17 02 

17.43 

175° C 

32.13 

21.22 

36.94 

21.00 

200° 0 

35.80 

27.51 

33.38 

41.77 

225® 0 

44.31 

33 38 

40.56 

30.56 


At 200° C. dry distillation la^gins. Wood dried at higher 
temperature readily absorbs water. Wo(hI (shavitigs) dri<*d at 
13G° C. absorbed in 24 hours in winter fixmi 17 to 10 jkt cent, in 
summer from (i to 9 per cent water. 

By tlrying, the volume is deer<!as<'d; by moistening, inertiastsd. 


TABLH LX, 


THKRMAI, VALUK OK VAHIOUS WOODS (ix>rkB,), 


KifiO of Wood. 

I*b 

by 1 Part of 
WtKJd. 


Air-dried wood (20% water). ...... 


3600 

4100 

3100 

2400—3000 

SiOO 

Dried wood (10% water) 


Whit© beech/air dried. 

Oak, air dried. .................... 

Maple, air dried 

Pine, air dried 

12.5 

14.05 
14.16 
13.27 
13.10 
14.48 
14.08 
13.86 

Willow, air dried. 


Linden, air dried 

3400—4000 

Birch, air dried 

Fir tree, air dried 





iimvitf . 


m 

70S 

im 

550 

4g7 

43i 

mi 

481 


The heat of combustion of cellukma per kilogram is a« follows, 
(if the water formed appears in Eqmd form) for: 



W(H)I) 


Purifiod coUon 4200 cal. 

From paper 41SS.1 cal. 

From ammoniacal soluFioti of cuprie oxide 4174.1 cal. 
Purilied with hromitH' water and ammonia . 4191.0 cal. 

Avei-age 

For water vapor , 4 f, 0 l oO. 


Boi.se has iound t.lu^ I'vaporatinjf power of dilTorent kinds of 
wood to be as f^iven in Tabh' LXI. 


TAUI40 LXI. 

kvaporatinc; i»()wi<:h op wood. 


Kind of Trn*. 

Water. 

Ash. 

UriHt‘uson('{l.| HpiihoikbI. 
lN‘r (’(‘nt. 

KiU)|,Tains of Water 
tran.sforrned In lo 
Htearn liy 1 Kilo- 
^mini of Wood. 

1 1 1 iK( ‘aHDiu ‘d . 1 Hea.so nt *( 1 . 
Woofl. 

Okl piiR^. 

16.1 

1.92 

2.29 

4.18 

5.11 

YoimiJC pi no . . . - 

19. a 

1.73 

2.16 

3.62 

4.77 



14.7 

0.96 

1.11 

3.84 

4.67 

Birch. 

12.3 

1.00 

1.14 

3.72 

4.39 

Oak 

18.7 

1.13 

1 . 39 

3.54 

4.60 

Old rcti bewh. 

22.2 

1.43 

1.84 

3.39 

4.63 

Young red bench 

14.3 

1.39 

1,62 

3.49 

4.26 

White beech. . 

12.6 

2.17 

2.48 

3.62 

4.28 


Winkler hiis found th(^ eoinparativt' fuel value of woods, 
eoiiHidering the same volume, to be as ^ven in Table LXIL 

TABLE LXIL 


(iOMI'AHATIVK VALIJK OK VAIUOIIH WOODS (Winkler). 


Kintl nf WckkI (dry). 

IM Pine 
*« 100. 

lied Bc^h’U 
« 100. 

Oak 

169 

118 

Elm........... 

166 

109 

Miiplii 

163 

106 

Birch........... 

162 

106 

Biiticli 

143 

100 

Fir........... 

112 

78 

Willow 

110 

77 

Pciplftf 

109 

76 

Pin©....,.................... 

106 

74 

liiiii piirifi , . . . . 

100 

70 

Blntioii 

92 

64 
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Since wood, wlicn list'd us fut'I, is aiiiiost alwnys incnsurcil 
instead of weiglit'd, this lahlt' is of consiilt'ndili' iiniioiiunct', also 
on account of the volume being It'ss afTi'clt'd by moisture than 
the weight. 

If we (tall best beech wood t'tiual to IDO wt' gt't tlu' following 
scale for the value of woods. 

J. Fuel (luality - 100: iM'ech, birch, pine rich in re,sin, 
mountain pine, acacia. 

II. Fuel (luality 05 to 00: mapit', t'lm, ash, larch rich in 
resin, chestnut, ordinary [lint'. 

III. Fuel (luality S5 to 75: rt'd pine, fir, Silierian stone 
pine. 

IV. Fuel (|uality ^ 70: linden. 

V. Fuel (luality (»5 to 00: alder, poplar, oak, as|K'n. 

VI. Fuel (]uality - 55 to 50: willow. 

These values naturally depend also on the u.se the vvoikI is to 
be put to. For tiuiekly raising tlu' U'lnperatim', for instance, 
soft wood, esfiecially coniferous wood is u.s('d. h'or dotnestie. 
use 1.5 cu. m. of soft wood tak(‘ t he place of 1 eu. in. of hard 
wood. 

The different parts of a tr(*e have a different fuel (luality. 
Taking trunk wood as I, we hav(( 

Trunk wood 0.00 to O.SO 

Branch wood 0.‘M) to 0.75 

Twig wood 0.S5 to 0.80 

Root wood 0.05 to 0.50 

Root wood, rotten 0.10 

Wind-fallen wood 0.85 to 0.50 



CHAPTER X. 


FOSSIL SOLID FUELS. (IN GENERAL.) 

AlIj fuclH containing (-.arbon arc of vcgcitabkj origin and differ 
from each otiu'r ac.cording to the kind of tlie plant from wliich 
tlu'.y coiiu^ and the ((uality and (juantity of the tranvsformation 
of the V(^getabl(* lilxT. The eourHC of (larbonifieation is entirely 
dilTenmt if thci vegetable masseH are eovc^red with waten’, and if 
the plants ai'(' isolates 1 from the atmosidiere by layers of clay. 

Ceologiceally tluvsee fueds can be divided in ; 

1. Younger fossil coals: 

(a) Pc'at. 

(/;) Brown coal (lignite). 

2. Older fossil c-oals (bituminous coal and anthracite). These 
coals arc formcsl l)y a i)roeess called natural earbonification 
(curlxmaccious d(U!omposition), which was studied by the Swiss 
geologist, A. Balzer. 

Balsser states that in this process two kinds of substances have 
to be dealt with, namely: products of decomposition and resid- 
uum of decomposition. 

We can obtain some i<lea of the nature of the products of 
d(a:omposition from the methane in the mines; the gases in the 
fresh (!oal; the clianges of fresh coal in the atmoHi)here (which 
chang(is arc a continuation of the ))rocess of carl)onification), 
and from certain lal«)ratory experiments on the behaviour of 
wo(kI in an atmosphere of oxygen. 

The methane in the coal mines is a real product of decom- 
position. 

The gases held in absorprtion by coals are of the same nature. 
Meyer found that 100 g. of coal yield from 17 to 59 cu. cm. of a 
gas coritaining carbon dioxide, oxygen, nitrogen, methane, ethane 
and probably butylene. It is undecided how much of the nitro- 
gen has its source in the vegetable matter and how much in the 
atmosphere. 


16S 
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Relating to the beliavior of wood in an ntmosplif're of oxygen, 
Saussurc observed that wo<id shavings en<-losed in an oxygen 
atmosphere transfornuxl the latter into the same vohuiK* ol 
carbon dioxide. The same observation was made by Liebig for 
moist and old wood. Wiesner found that the first stage of 
decomposition of wood consists in the appearance of gray color, 
whereby the intercellular substanet^ vanishes and praidieally 
pure cellulose renxains. .Moist lignite absorbs o.xygeii from tlu* 
atmosphere and generates carbon <lioxide. 

Liebig made the conclusion from his experiments, that lirst of 
all the hydrogen of the wood is oxulis5ed, while the oxygeji of the 
hydrate water cornbiims with the (tarlxon of the wotal to form 
carbon dioxide. Considering the fact tluit methane is formed 
during the transformation of wood into coal, lu* i^aleulatt's that 
eannel coal can bo explained Jis wood filxT less .d molecules 
CH 4 , 3 mol. H 3 O and 9 mol. CO,. Brown coal is <»ak wo(k1 leas 
2 H,0 and 3 C0„ etc. 

Relating to the influence of the exclusion of air iti the forma- 
tion of coal, Bischof stated that atmosplu'ric oxygen is not 
essential and that the coal deposits must have Ikhui fornust 
mainly under exclusion of oxygen, water haviixg s<^rv»Hl }w tlie seal 
in the sea, on the shores and in ineiulows. In sotnx^ eases th«^ 
water was replaced by sand an<l clay tleposits. 'rhe ash content of 
coals proves this fact. The oxygciii which is fouml dissolvtal in 
sea water c.ertainly did not have much effecd., since aettorditxg to 
Hayes, metals kept at a certain depth in the stm are not oxidiml. 

As to the chetnical expression of the carlxinactHius de«H>in- 
position Balzer says: Acconiing to Bisidiof there are thixm ways 
possible for the decomposition to take place atxtonliiig as earlKJti 
dioxide and water, carbon dioxide and methane, or earb»n tliox- 
ide, water and methane are fonnwl. . The one <if tht*s(* processes 
which takes pla(!e is dete-rmined by the amount of tin* react- 
ing air, temperature and pressure. Wlum vegetable prtKluets 
during the carbonaceous age were carnal l>y riv<*rs into Imsins 
of salt or fresh water, where fonnation of coal t<M>k pia<*e, large 
quantities of methane were fonned. If by some g«‘ol(*gicai 
change the basin becomes dry, the pn«x>ss gisw on prin(‘ 4 >a!ly as 
osddation. If now a considerable amount of stiditnent is dejKwibsj 


TABLE LXIII. 

CHEMICAL COMPOSITIOX OF FUELS. 


FOSSIL SOLID FUELS 
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According to lialzcir tlu^ iulliu'iKH' of U'nipf'nitun' is us follows; 
Low tempcnitiirci (lecroasos tlu^ velocity of <‘oal fonnnt iou. 'I'lu' 
temperature in the ileepc^st part of tlu‘ Atlantic Oc-cau at from 
49 to 57 decrees latitudes is Iti n'^ioiis w!u>rc the low('st 

winter temp(!ratu re of the air is -I® the d<‘(‘pest layers of watc'r 
have a eoastai>t temperature of from 5 to (1^* (t 'I'is' carhouifica- 
tion, which is a “ voluntary ” de<!omposition ()f orffanic suhtama's, 
is certainly an exceedinf^ly slow rc'aetion at this temperat ure, and 
must have, been iiumh slowt*r yc't in the /glacial ajte. 

The influence of pressure is !is follows; It is uina'rtain whet.her 
an increase in pressure iiu^reasc's or decreases the velocity of 
carbonification and the optimum of i)n'ssure is also unknown. 
Wo cannot make any deducth)ns from the* fact that (^a(k).i 
remains undecotnposed at hit'll pmssun^ siiua^ in orj^anic reactions 
with closed ghuss-tubes the generation of gas and cfannical 
reaction ordinarily hikes place at high pr('.ssim^ an<l high Unn- 
perature. Paraffin is d(i(^ompo.He<l by high pn'ssure and high 
temperature in hydrocarlMms of the methane aiul ethylene 
scries. In such cases the reactions taking phus^ chatigts with 
changes in tcinperatim! and pmssunn 

A certain semi-soft c.ondition of the wed mass can l)o eon- 
sidercid as advantageous for the i-eaedion. 

Valuable information relating to tlm changes of coals in the 
atmost)here at ordinary and higher tamperatum an^ givcm by 
Richter. 

It is known that coal alxsorhs o.Kygcm of the air. ('han'oal 
absorbs nine times its volume of oxygen, (loals alworb gases 
as readily as a dry sponge alisorlw water. If coal is sat- 
urated with one gas, some other gas can Iw* alworlHul in 
addition. With the assistamus of trunstum the oxyg«*n is com- 
pressed in the (!oal, ozonised and thereby l>ecomes chcmiically 
active, causing air inctroaso of temperature. (8elf-ignition of 
powdered coal.) 

Richter observed that the capacity of (xrnl for alworbing 
oxygen increases up to 200 degrees, at which temjMfrature the 
absorption stops. Hydrogen and oxygon are al»«>rl>ed in the 
proportion 2 ; 16. On account of oxidation in the air ileteriora- 
tion of coal takes place, sha^ro and color artr changed, thermal 
value and coking capacity decreased. 

Since only a part of the hydro^n of the coal is oxidized the 
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!iy(ln)f;(in mu.st he presc^iit, in dU'foront (ioinbiuation.s, which is 
iint)<)rtant for tlu; tlicory of tlu^ constitution of (loals. 

(lonsidcring tlu^ rcsidiunn of docoinpositioii Ihdzcr mentions 
th(^ (constitution of the wood-sul)staiu!e. The coals are chemical 
derivative's of e('llulose, (cons(C(|U(cntly of the wood-substancc. 
Tluc constitution of thesec substancecs and their relations to (cacch 
otlu'r an' not positiv('ly known. It s('ems, however, that 
<cellulos(c do('s not oc(;ur in a fr('(' stake in wood. From fir wood 
W(' ('.an isolate' by e'xtriiction with ordinary solve'iits a yellowish- 
white substance' having the' formula which is only 

slightly solublec in ammoniacal cuieriec oxide', be'ing thereeby essen- 
tially diHen'iit from cellulose. By boiling with hydrochloric 
acid, gluecosec and lignose' ((',8lL»0„) was formed. The latte'r, 
which is also insolublec in ammoniacal cupric, oxide, is trans- 
formed by boiling vvitii nitric acid, into cellulose and certain 
substance's of the aromatic serie's. From the'se reactions we 
can conclude tliat lir wood (contains, besiek's the ecellulose-group, 
a sugar-forming and an aromatiec groui), (composition 

is much morec ecomtilie'ate'd than that of (cellulose. ■ 

Wliat is thee re'lation of wood substance to coal? It is known 
that in the' carbonaeceous deecomieosition the relative, ejuantity 
of carbon and ash incre'ase's and the ejuatitity of hydrogen, 
oxyge't) iiiid nitrogen decrease's. The dilTerent eiualities of coal 
from pe'jit to jinthracite' show differe'nt stages of this proeccesa, but 
the' fornuition of one' kind of coal from the other cannot be 
expre'sse'd by a che'inical eeiuation. 

Balzer makes the following hypothe'ses reclative to the con- 
stitution of coals: 

1. The' coals arec mixture's of (complicated carbon (compounds 
(organiec substances), 

2. Which form a continuous (or possibly hornogenecous) series. 

:b 'The' (carlM)n ring of thecae (compounds is complicated and 

someewhat analogous to aromatic compounds. 

Balder states that Ixcsidecs the carbonaceous deecomposition 
proper a decstruectivcc distillation can take place, for instance, by 
contact with hot bodies or fireca. In Hessen, Germany, molten 
basalt luis in this way transformed lignite into anthracite coal, 
the anthraecite deposit chanpng gradually into the lignite deposit. 
In some places eruptive porphyry has transformed lignite at the 
contact points ieito coke. 
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Suj)[)()siu{>; ail incrt'usi' of tciujHTaturi' towards the r(>iit(‘r of 
the earth-, we can assume 1(M)“ at a depth of 2(ltH) in. f’roiluets 
of distillation formed in these regions can eomlense in the up|M‘r 
regions, the lower layei-s forming tin- retort, tin* upper the con- 
densing chamber. Baker lx‘li(‘ves that this n-aetion takes place 
with petroleum, which is “ilistilled” from coal ile|io.sits, liiiu- 
minous slates, etc. 

Since petroleum occurs in silurian, devonian and tertiary 
formations it is apparent that the place of "occurren<*e" is 
ditfereiit from the [dace of "formation,” which can Ik* e.s|>!aine<l 
by distillation, above reh'rri'd to. 

Supposing that the carbon in the coals is pifsent ns such, we 
coiusider the coal deposits as end iinulucts, while ata'ording Ui 
the above mentioned sUtmnent they are in a procr*ss <if eontin- 
uous transformation, which however cannot 1 h* fully explaimal at 
present. 

The fact that the temperature in coal mines increns(*s with the 
depth faster than elsewhem is of prai-tical im|M*rtHnce and 
theoretical inh'rest. A case where it was Isdievcsl tluit hot 
springs were tlu^ cause of the high temjM'ratim* of the min(‘ wat4'rM 
was investigated to find out whether the formation of coat is 
accompanied by a surticient generation of heat to ex|)ltun the 
high tcmfieratures. 

The following results were ohtaiiHMl: 


TABI.K t.XJV. 

AVKIIAOK (lOMeOHITION OK KrivUS (Mm-k ) 


Wood BQ% V 

Peat 39% (I 

Lignite 69% (1 

Pituminoua ooal . 82% (I 

Antliracito 95% ( I 


8 % (t, I "5, N,: 

« % K,l3» % a % nJ 
5.5% 11,25 % O, O.H% nJ 


2 8% H, 2 5% •>, 


oj a. 8% xj 


ku ml 

- 4 «CMI 

- smwi 

- rmu 


TABLE LXV. 

THKUMAI, VAIAIB OV THK BI-EMEKTAKV CON.StlTt'KXTS 

0 , 50X HOHoTlToi'x aTow*- kgrr-Hl" 

{ 0.69X 8050+0 M X.II.OW-iW kfi cat 

,• 0 . etX 8080 i 0 . «55X 34 .(WO- 7445 kg cal 

BitiimmouB coal 0.i8X«>8(J+0 (IS X»4.0t»-832« kg-cal 

Anthracite 0.98X 8080+0 025x 34,«»-8526 kg cal, 


FOSSIL SOLID FULLS 


an 

Tlu' (liHVr(Mu*(‘ lK'tAV(H‘n tlu' iluTiiial value of the ekuueniary 
(‘onsiiiiu'uiiS aud ilu' iluu'nial value of ilie fuels is the heat of 
formation of the respective fuels (see Table LX VI). 


TAliiaO LXVI. 

FOUMATION IIKAT OK KITMLS. 


Wood 

P(‘at 

Lijy?rii((‘ 

BituininoUH coal . . 
An( hnu*it(' . , . . , 


OOSO 4800 1280 k^^-cul. 

0807 0000 - 807 •kj^-cal. 

7445 0800 045 k^r-cjil. 

8820 7000 420 k^r-cnl. 

8520 8800 220 k^-cnl. 


'^lu^ hoiiti of formation dccroaHcw with the increasing thermal 
vahu^ 

To g(‘t an i(l(‘a about the (juantity of fossil fuel produced from 
wood w(^ hav(' to consider the' gas('s eimlos(Ml in the coal, as tluw'. 
gas('S arc' also pro<luc(‘d in the carlionizing procc'ss. They are 
mainly methane, carbon dioxide and nitrogem. The latter 
proves admission of air to tlu' (toal d('posits. Ht'lative to the 
first two gjis('s w(' find carlion dioxide mainly in younger coals 
(lignite) and m<d.hane in the older coals (bituminous). We 
tberefon^ have in the younger coals maitdy a formation of COj 
(heat of formation SOSO cal. per kg. carbon), in the older coals 
maiidy of CH4 (heat, of formation ISdd cal. per kg. carbon). 
B('sid('s this tlx' formation of H/) (.■ 14 ,()()() cal. per kg. Hj) and 
of small (luatitities of luiavy hydrocarbons (CjH^) can take 
place. 

Hince in the progNsssive process of (!oal formation, the heat 
of formation of the elements decreases, while the heat of forma- 
tion of the generated products of decomposition has a con- 
siderable positive value, the lieat balance of the coal formation 
is ecpial to the diffc'rcmce of the heats of formation referred to. 
The balance therefon' will be positive if the heat of formation of 
the products of decotnposition is greater than the decrease of 
the heats of formation of the fuels. ^ For getting this effect only 
a very small amount of CO,, Hj,0 or CH4 is required as is shown 
in Table LXVIL 
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TAULK 1-XVll. 

DATA ON THK ^■ORMATU^^ IIKATS 111’ l’fi;i,.S 


I)ifT(‘n‘nc(^ Ix^twiH'ii lh<* lh*ut of Konniittoti of WtKut 


and 


kK 


Poat 

laignite 

BiUiminouK coal 
Anthracite . . . , . 


473 

(135 

K54 

1054 


’rttlH Auioim} of llfiit « 

to tfn- Hrul i»f' I'uriiiui u»ii of 

t“u, , 11, 

lli Prr rti»t «*or li^, til f ln' tirailuitl 
Wi-IKIiI of WtHJli, 

5 K*-; i 1.4* IL 25 (' 

c' M .IP’; II. 34 w;. t’ 
(’ : 2.5*“; 4(i.fd;;A’ 

12 (f;. r j 3 v'l h; 57 . c;, <* 


Tli(*.r(’! is also (‘orrcsfiooding to tlu» 


r)ifT<‘rciu*c batW(‘on Hoat of Konnutloti of 


Ptiat and lignite . . 

Lignite and biturninouH coal 

BituniinouH coal and antliracitc .. . . 


’rbo of 

(‘30 i ll/» i (’ll, 


I'TIIIII I*|.| I '•■(It 


IN'f <’•’ 1(1 j l’•'(’ ('•’lit I l*l*(* t'«'l(l 
IOC I OSliJ K.OC 

2 . 7 c S 0 8 Hj ' I 1 . 0 <’ 

I r. c s 0 8 11 , 5 10 SIC 


If thoHC figures ant eompared with the (UfTt'reuce in tlie average 
composition of the various fut'ls, we set* tlint the formation of 
coal takes jilace iwcompaniet! by tht* generatitm t>f heat. 

For forming an approximate idea of tin* i|uanliintive changes 
during the transformation of wood into c-oal, we are going to 
deduct the eiianges from the average etimptisition of the difTertmt 
fuels, following (hkmlxwh'a (hyptithetieal) table. 

We therefore have for the formation of hituminoUH wood; 


There is given off : 




(a) with absoristion of oxygen 

of the air Hj 

ifi) directly from thti wood-sul>- 

stance 3 00, 

there remains 




wcmmL 


bliuiiiinaitH 

wcm:kL 



For th(^ other kinds of coal we can imagine tlie process of 
carbonilication as ToIIoWkS: 

2 - W(k)(L 

There is given off from wood 

2 (3 (X)., h 2 11,0) =2 (0,H,0«) 

there remnin.s 2 ( 033 H 4 „()i 4 ) = peat. 


From jx'at is giv(!U off'; 


(a) with oxygeai of tlu; air 4 If,] 

(/?) (Iireet()'ll,() + 2 00, J 

theni nunains 


2CH,A 


— earthy lignite 
(brown coal). 


From (earthy lignite is given off: 


(rt) by niaetion with oxygen] 

2(04 + 114) 

(p) direct SCO, J 

there', remains 

Then'.from given off direct dOjl^ 
there remains 


2 (0«Il40a) 

T(o,";h;;()) 

2 iCuU,) 

2 (o,;n«()) 


== splint coal. 
== cannel coal. 


Frotu this is given off: 


(<0 by rciietion with oxygen' 



(p) direct 11,0 

there remains 


1I,„0 

(\ollio0 


— sand coal. 


From this is givesn off : 

(a) by reaction with oxygen' 

7 H, 

(p) direct H,/) 

there remains 


H,/) 

” graphite. 


This enables us to calculate the quantity of products of trans- 
formation obtained from wood as given in Table LXVni. 

From Table LXVIII we can calculate the heat of formation 
of the different fuels as given in Table LXIX. 
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TABUS LXVllI. 

l*ROIKr(!TW OK TIIANKKOKMATION OHTAJXKH KKOM WOOIl 


Fiu^I. 

Holld 

kg. 

Wood - 

I 

Pent; 

0.7I>7 

Karthy ligiiiito 

0.674 

Splint coal 

O.aUH 

Oaniud coal 

o.aari 

Sand coal 

o.aoo 

(Iraphitc. ... ' 

0 200 

BiturninoiiH wood 

0 , nan 


(iiw.i <ii'ii>'r<ilfi! kK. 


(Ml, 


H/i 

1) 150 


(1 041 

0.05.1 


0. HHI 

0.425 


0.041 


(I (in? 

0, 100* ’ 
(1 OHfl 

(M50 


0,022 


r>l7 kjij-cal. 


I. Wood. 

Heat of formation of wo(«l !2H0 kK-eal. 

II. Peat. 

Heat of formation of 0.797 kj; peat Old kjj-eal. 

Heat of formation of ().ir>9 kfi; .'{17 <*al.] 

Heat of formation of 0.0-Id kj; HjO 170 eal.J 

Heat of formation of wood minus lunit of form. 

(peat -f (lOj f HjO) 120 kjj-eal. 

The transformation takes place with a consumption of outside 
energy. 

III. laKuiU'. 

Heat of formation of ().()74 kg; lignite Ido kg-cal. 

Heat of formation of O.O.'S.'I kg (X), I Id cal.l 

Heat of formation of 0.109 kg HjO « lOH cal.j 
Heat of formation of peat minus h(‘at of form. 

(lignite + CO, + H/)) did kg-eal. 

The formation of lignite from {suit taktw plaw, acttotnpanied 
by the generation of energy (heat). 

IV. Bituminous {.'oal. 

Heat of formation of 0.340 kg coal 147 kg-cal. 

Heat of formation of 0.425 kg CO, « 9d7 cal. 1 
Heat of formation of 0.041 kg 0,11, - 27 cal. « . P^l kg-<*.al. 

Heat of formation of 0.079 kg H,0 « 290 cal. j 
Excess of heat generation over the difference of the 
heat of formation of lignite and coal - 1200 -- 
288 » 918 kg-cid. 


.521 kg-cal. 



msvs7/. SOLID FlUiLS 


It);") 

Not (•onsidoriiip; Intuminous wood wherein wc iind similar 
conditions as in peat, we have the following excess of heat in the 
transformation of : 


1 kg wood in 0.797 kg peat = - 120 kg-cal. 

0.797 kg peat in 0.()74 kg lignite + 313 kg-cal. 

0.074 kg lignite in 0.34(i kg bit. coal -f- OLS kg-(tal. 

0.797 kg i)eat in 0.340 kg bit. coal -f 1231 kg-cal. 


Thesci figures are not absolutely correcit, as we luive supposed 
only the formation of (X)^, and H/), while acconling to 
analysis, espcudally of bituminous coal, OHi plays an important 
part. The laait of iormatioii of (Ijll^, however, is — 042 cal., of 
OII 4 1333 (^al. per one kilogram of carhon, so that we gain -f 2475 
cal. for ev(‘ry kilogram of (carbon which is transformed into 
instcnul of ly I 4 , whik^ w('. los(' (>247 cal. for cveiy kilogram of 
carbon, which ('scapes as CH^ instead of COj. Taking even this 
most unfavorable possibility by supposing that in the process 
of carbonification exclusively CH< and and no COj at all is 
generat(Hl, w(' still get tlui following ciuantities of heat, which 
ar(‘ produccul by the nwition 


1 kg wood in 0.797 kg peat — — 138 kg-cal. 

0.797 kg p(^at in 0.()74 kg lignite == + 24() kg-cal. 

0.074 kg lignite in 0.340 kg bit. coal =» + 333 kg-cal. 

0.797 kg p('at in 0.340 kg bit. (;oal =■ -T 579 kg-cuil. 


Similar results were obtained by F. Toldt and F. Fischer. 
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PEAT. 

Pkat is the youngest ineinlK*r of ihv fossil fuc‘ls» lunl the n\Huli 
of the first vstage of (^arlxuiaetHHis tni!isti»nnat-toii of veget-ahlc^ 
matter. It consists mainly of (l(H»ay{‘tl m<»ss and plants growing 
in l)ogs and swamps. Thc' peat deposits cnui 1 m* etassifietl ae(*ori!- 
ing to Stentrupp in forest, meadow anti high bigs. Whili* the 
first is composed of decayiMl trends and fc^n^si plants* tlu‘ iw<» 
others can be described ((}ries(dmt‘h) as foUtiws: 

Main j « is'«'yfr«nirt\ 

Hptifigtuim vnrietieH. j In itll Ihikh, 

Roots and troakH t»C Krtea totrali sc i I a liigli 
and (tallmia vtilKartn. j 

RootH artd tninkn of (Uniname,.. j la tiioiidtiwdioic^, 

F. Schwackliocfcr projxwon tlu* followiri}? (‘ta^Mifie-alitm; 

1. High bogH (heath ami naw l«)gH) an* fouml in higher alti- 
tudoH ami are eharactc^risiCKi l)y Hwainp-nuiHH (splmgnuni), heatli- 
j)laiits (Calluna, Kriea, AixiniiiKxla ami Vhieeiniumh ulw> Ity tiie 
oocurre.ne.e of mountain pim^ (ihmiH puiniiix). Tl«* groiuai w 
generally clay ami lays alKtv<( tlie l(»v<‘l of hiuhuht wat<<r. The' 
surfa(!e i.s always curved. In hoiuo localitw'H tin* lK>g in Hi P) 15 m. 
tliick. 

2. Ix)w bogs (meadow-lK)gs) are found in tiie t<*rriP>ry of 
rivers, creeks and lakes, and consist of piants entirely ilifri*n*nfc 
from the high bop^, since swann) and lieath plants an* luitin'ly 
absent. Btwides some Hypnuin vari<‘tiew, mainly sour griuwea 
are found in this kind of {Ksat. The gr*>utHi is chalky ami lM*lf*w 
the level of summer water. Tim layem an* not as thick as in 
high bogs. 

There are many connetjting links tetwiicn these two main 
groups. Without taking into oomidemtion the orifau and 

lea 


MoNH-poat 

Heath»peat . . . . 

Meadow-poat . . 



lUiAT 
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ocenirnMU'o, peat (laii b(i (ilassifiod accordiag to its apiJcaraiKu^ 
(Kannarsc.li) as follows: 

A. Turf-|H'at (wliito. or yellow). 

li. Young brown and bhwik peat. 

(«) Fibrous ])('at. 

{h) U.oot-poat. 

(e) Lc'af-pf^at. 

{({) Wood-p(^at. 

(■. Old ])('at. 

(a) lOarth-pcat. 

(/>) Piteh-peat. 

A. Turf-pc.al. (Irayish yellow to yellowish brown color is also 
ealknl whitfi or yellow [)c‘at. Its (ionstitiKuits can Ix^ distinc.tly 
r(HX)gnizc(l in the white, spongy, (dastie, fibrous mass. Enclo- 
sures of roots are ran*. 

li. Youmj brown, and black peal. While the darker (iolor shows 
a further progrtw of carbonac(H)us <le(!ay, the organic constituents 
can y(di Ix^ distinguislu'd. 

(d) Flf)rou!i peal secuns to be formed by further decomposi- 
tion of turf“p(‘at. Th(^ fibrous structure is pres(!rved, but 
th(‘. fiber is more brittle and partly earthy; shows less 
(‘histicity and is (lens('ly pn'ssed by its own weight. 

(b) Otlu'r kinds contain short fibc'rs only, and are some- 
times earthy to a large exUmt. 

(«) Thick, light lirown, tough, long fibers (fibrous peat). 

(ft) (Containing roots and stems (root-peat). 

(y) (Containing dried and decayed leaves (leaf-peat). 

(ft) (Containing pie(;es of (ioarse wood (wood-peat). 

(7. Old peat.. Th(^ original organic structure can hardly bo 
distinguished. Oti acciount of the progress of decomposition the 
fibrous b^xtun^ has gone over into earthy structure, occasionally 
of Hindi density that the peat shows a sharp and brilliant fracture. 
Organic residue Hindi as roots and stems are rarely found. The 
(tolor is brown to pitidi black. The strength varies considerably 
from brittleness to extreme hardness. Accordingly old peat is 
classified into the following varieties: 
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(a) Kiutli-ix'ai (l<> which also Im'Iuh^I tlnin pcat ami swniiip- 
peut.) witli ('iirtliy texture. n>ujj;h I'ractute ami practically 
without fibers. 

{!>) Fitch-i)cat, dense, heavy, strung ami with Miiooth frac- 
ture'. The average* e'eMnp<>.sitie>n eif pe'at is give'it in Table* 
LXIX. 

Ferstel has publi,she*el the* fedleiwing e*eiinple*te aiuily.sis of a pe*at 
from llppem Aastria: 

I. OeHupeeiumts sellable in wat(*r 

(a) Organie'.substaiu'e's with trae*es 

eif atnmeiniii. 

(b) Ineirganie*. substane*(*s 

CaSO* 0.04 per e*(*nt 

Nadi 0.01 per cent 

Mgdlj 0.01 iier e*(*nt 

FtijO, O.Of) i)e>r e*ent 

AljOj O.OI per e*ent 

LiOj 0.0<*{ iM*r (Hint 

II. ComponentK aeilubU* in hyelroehldrie iieitl. 

(a) Organic auhstanen's with traces 

of ammeinia O.I.'l |M*rt‘ent 

(h) Inorganiei suhstances: 

PjOj 1.07 per cent 

CaO l.Of) jH*r cent .1.07 {H*r cent 

MgO 0.10 jH'r cent 

FCjO, 0.12 iK'r cent ■ 2.W jxircent 

MnO O.O't {xir <;ent 

AljOg 0.11 j«‘r cent 

LiOj O.O.*) jHir cent 

III. CompunontH iiiHeiluble* in water and hydwH'hlnrie acid: 


(a) Organic 

Ulmic, aeiid 22.00% 

Ulmio <!oal .T4.70% 

ilesin 4.10% 79.02% 91.,*m per eent 

Wax 1.40% 

Vegetable liter . . . 10.22%) 

ih) Inorganic 0.29% 

(c) Water 14.0r>% 

Hum ’mM% 




TABLE LXIX. 


AVER AGIO (X)M POSITION OE PEAT. 



W(d)Mky. 

Httliwack- 

haofpr. 

fSClKHdVr. 

Mars illy. 

Kuapi>. 

OompoHitioii in P(‘r (•(‘iit. 

Air Dry. 

Air Dry. 

FnH‘. of Wat(T iiiid Ash. 

C. 

49 . 6 03 . 9 

50 60 

5 - 6 

45.0 

4 7 

50 54 

7- 6 

) 

1 n 

11 

4.7 ^ 6.8 
28.6 44.1 
0.0 ‘ 2.6 

5.83 

) 

0 

30 35 1 
1- 2 

10 -20 

5 10 ^ 

25^3 

N 

j- 43 -40 

[ 35.16 

11,0 

25.0 

) 

Anh 










The ash-(!ont(!iit of peat varies from 1.50 per cent and has the 
following average composition: 

Sand and clay (mechanically admixed) 5.70% 

Silicic acid (from plants containing silica) 1-30% 

Lime (combined partly with COj, partly with HJSO4) 10.50% 

Oxide of iron up to 50% 

Only traces of chlorine and alkalies are jircsent. The content 
of phosphoric acid somedinuis exceeds 0 per cent, which has to be 
(‘.onsidered. A considerable amount of sulphuric acid may also 
be prtisent. 

The specific gravity of peat varies according to structure and 
quantity of ash. Karmarsch found: 

Turf-peat 0 . 1 1 3 to 0 . 2(53 

Young brown jieat 0.240 to 0.676 

Earth-peat 0.410 to 0.902 

Ktch-peat 0 . 639 to 1 . 039 

By dressing (mechanically purifying) the specific gravity can 
be increased to 1.3 to 1.4. 

Peat is easily ignited (easier, the looser the peat). Very 
porous varieties show a point of ignition of 200° C. 

Peat bums with a long smoky flame. 
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The thermal value of peat in follow?* liii enlories) ; 


Peat with ;10 per eeut wat.er niul U) j«‘r-eeiit ash 2{HK( Seheert'r 

Peat with 25 per cent water and five of ash dStH) Seheerer 

Peat with 0 per cent water ami 15 iK'reent a.sh IHO Seluvrer 

PeatwithO percent wateraiulOjM*reenla.sh . 5'J.")P Seheerer 

Dry peat free of ash 52.*i<> 'runner 

Dry peat with 4 jKir cent ash Tanner 

Dry peat with 12 jw cent ash HiKP 'I’unner 

Dry peat with 30 per cent ash 3030 Tanner 

Peat with 25 per cent water 3S(KI 'ranin*r 

Peat with 30 per cent water . .'t'Ud Tanner 

Peat with 50 p)er cent water 2 1 S2 'raniuir 


On account of the low siH'cifie gmvity, the lnr>;e amount of 
water and ash, which incnuisi's the cost of trans|H>rtalion, also 
on account of the grt*at variety in <iuality, fK*at is only of local 
importance as a fuel. 

Lately peat has Ihhui used as a disinfecting material and for 
coarse textile products. 

Production of pc&t. 

1. Cut peat. Peat of sufficient consistency is cut out in the 
shape of bricks. For the {)urj«»sc of iligfpng a sjsH’ially sha|K)d 
spade is uscxl, with a wing at on(‘ side, in onler to cut out rect- 
angular blocks. 

(a) Peat cut by hand. 

(a) Horizontal cut. The brii’ks an- cut out horixontally. 

(/?) Vertical cut. The bricks an* «-ut out vertii-ally. 

(b) Peat cut by machine, ((hitting tinu-ltine syst«*ms, 

Brosowsky, Diesl«(-h and HtKlgj*.) 

The cut peat is either dritnl in pihw in the air or by arti- 
ficial heat. 

2. Molded peat (drag j«*at). Pesat which is tist earthy (dry) 
or too swampy (wet) cannot lx* cut. If of suitable eonsbtenesy 
it is molded (fonned) directly, othorwisrs after jirevious mobten- 

moistening boxtsi) or desiccating (in tanks or on dry 
earth). The molding is done as follows: 


PEAT 
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TABLE LXX. 

ANALYSIOH OK 1M0AT8. 


< >ngin. 


(•aijpogo, Irclajwl, 


PhilipHtDWn, Irt'- 

laiul. 

Wooci of AIIou, tro. 
land. 

Vnlcairo, timr Ah» 
l)evillo. 

Ijonv* ntmr Ahhfit- 
vilkn 

KramoJit 


lianunBtain, 

UheinfallM. 

Htaluwfnulon, 

lihidnfallH. 

Ni<Hlt»nmH)r, 

iihdnfallM. 

PruMwia 


Friftjiland , 
Frii?«lar»d . 
HoUatid... 
hmnmn... 


Bwnw. . 

Hdluipfltjoh, Wiirt' 
tinnhf^rtf. 
SindtdfinKtnj, 
WUirttaniil»'r*rjS. 

Batkm 


d«r. 

dir. 

iraiiibiirii:, MtKir , , 


CMiniswald . . . 

Hara.,. , ...... 

Hart,. ....... 

Umm.,. . . . . , 

iCuwlamdhl.,, 


Nmiit&tlfcur llCItti. 


Nittfohat©!. .. 
Kolb®nii«K)f . 

Hihonuri ...... 


0onn)OMithm of Dry J^eat. 

MoiV 


1 







turo 


Proport ioH, 


0 

ir 

N 

0 

Ah|i 

of Ai 

. Sp (1 

Authority 

1‘i'r 

Por 

Por 

Pit 

1‘tM- 

Dri(‘< 





tfoni 


(•OtJt 

(•onl 

Pout 




51 05 

6.85 

19 

.55 

2.55 




Kan<‘ 

61.04 

6.87 

:30.4t» 

1.83 




58.66 

6.97 

I. 4 TT 72 .H 8 

1.99 

■ 0 

0.405 

Palo, rod- 

....Do. 






0 


brown. 

61.02 

5.77 

0,81 

32.40 

7.90 


0.619 

to 

0.072 

Dark brown, 
don HO. 

. . . .Do. 

57,05 

5,63 

2.09 

29.67 

5.58 


Dark brown. 

Pdjgnault 

....Do. 

58 (W 

5.93 

.11.77 

4.61 



Wanie. 







57.79 

6,11 

30^ 37 

.1.31 



Incornplotely 

doooinposeci. 

. . . .Do. 

62 15 

6.29 

1.66 

27.20 




2.70 

16.7 


Solid and 

Wak. 

57.50 

6 90 

1.75 

31.81 

2.04 

16.0 


deriHO, 

Soniowlmt 

. . . .Do. 

47 90 

5 8 

42 S) 

3.50 

17.0 


liahior. 
Litsht, felly 

. . Do. 

50,13 

4,20 

31 

14 

8.20 

15.17 


masH. 


to 

Ui 

to 

to 

to 




35,01 

5.36 

35,24 

21.17 

21.7 




37,16 

5,65 

33.39 

3.80 



DotliMO 

Mulder 

. . . Do 

59,86 

5,52 


TT 

0.91 



ljig;ht..., . 

50.85 

4 64 


14.25 




... .Do. 









57.84 

5,85 

0,95 

I 2.76 

2.6 



Dark brown, 
doriHO, heavy 
Sanio ......... 

IlriluniM- 

57 01 

5.56 

1,67 

34,15 

1.57 



5 i 59 

45 44 

5 60 

5,28 

2,71 

30.32 

8.10 

26 !o 


Dark brown, 
(lenNO. 

...Do. 

) 4fi 

26.21 

21 60 

18.0 


Same 


46 75 

3 57 

0.67 

26.87 

0.89 

11,77 



j. . . .Do. 

( NoHsler 
y and 

lo 

60 7*^ 



to 

to 

to 



7 01 

6 13 ? 49.01 

14.76 

18,55 



( Petersen 

Jaeckel. 

56 4i 

5,12 

38 35 

9.86 

17.63 

* 

Heavy, <lenHO, 

53 51 

i 5.90 






brown. 


40.59 

6.60 

19.32 

4> 

Lil?ht, looHO. 

. . . .Do. 

57.20 

5.32 

37?U 

2., 31 

18,83 

* 

lied l)rown. 

....Do 

49.88 

6 5 

1 16 

42.42 

3.72 



heavy 

Websky. 

. . . .Do. 

50.86 

5.80 

0.77 

42.70 

0.57 




61,54 

6,81 

1.41 

29.24 

1.09 




. . ..Do, 

59.47 

6.52 

2.51 

31,51 

18.53 




. . ..Do. 

59.70 

5,70 

1 56 

33.04 

2.92 




. . , .Do, 

58.91 

5.72 


8.43 

15.50' 

0 

PresBed-peat, 

Kraut. 

59.61 

5.41 

3?.64 

3.32 

10.31 



,...Do, 



W^V’MW' 






54.01 

4„i4 

28.56 

12.59 

17.1! 


Peat prepared 
after Ghalle- ‘ 
ton. 

Sami 

...Do. 

46,78 

4.18 

28,56 

20,28 

15.72 , 


...Do. 

58,51 

6.17 

35.32 

4.21 

15.50 t 

ir 

Preiied-peat . 

Wagner. 

40.10 

4.53 

2.84 

21,51 

7.87 

23.17 . 


Sami 

Goppeli- 

rMer. 

Jaoobsen. 

5IJ8 

6,49 

J.68_ 

55.43 

5.02 1 


1,07 

Very deni®. . . 


♦ Cftloulatedfre^of ash. 
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by ('vaporatioii, Irirkliiin of tlic vvator into thi' j^niutiil, 
by pounding, Inwiing nml liontiiig. 'I’lir tMtnrd.n nrc t hen 
removal and tht; imuis cut with .xlmrp kiiivo?! into ifgulnr 
bri(!kH. 

(b) The iinisH, compresfHHl fnmi the top is lii'nten into forms. 
(a) Oontflining only one brick (U'uten i«'iiti. 

(^) (lonteining spuct* for severnl brii-ks itnokhsl 

3. Machine j>eat. 

(a) Without i)n‘Hsure (inacbiJM' iH'sit projM>rt. 'I'lic cut j«‘at 
Is formal into bricks and ilrial, ( hs-asioimlly it is pn*- 
viously canlal so as to g«*t a <lfnsi»r imnluct. 

(b) With powiire (pressetl |K'at). 

(«) I)iypr(W(‘d: small-sizetl {M*at is sifbsl, dried by heat, 
and bri(iuetted in a, lu'avy brick press. Such (H*at is 
ex{M!n8iv(5 on aeeoimt of the cost of drying ami is tlis- 
integratfxl by h<‘at. 

(/9) Wet prtsssal, mmi of the watiT is reitmvtsl by pnwure. 
There are many eonstnictions of js*at-brick pn^sw in 
aucewful ust*. 

Peat moldal in thts fonn of Imlls or egjp* is very eoiiveniinit tf> 
handle and makes firing easy. Aiialym^ of some dry {wats an» 
^ven on page 171. 
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BROWN-COAL (LIGNITE). 


Buown-coaIj iH Ulo next stage of (■.arboiiawHxis decay aa<l was 
fonned mostly by transformation of plants rich in resin (conifc'r- 
ous tr(Hw, palm tnai and c.ypnws; latcw, also leaved trees). 

I’lu^ sp(H“.ific. gravity of this c.oal varies from 0.8 to 1.8 (in coals 
very high in ash), but in most eases from 1.2 to 1.5. It has 
various c.olors, and the touch is generally brown. In the air 
l)rown-coal eiwily alworbs oxygen and (wolves carbon dioxide, 
whereby on acicount of the loss in carbon, the thermal value is 
dc(^niased; at the same time the temperature is increased and in 
large piles (■.auses spontan('.oua combustion. 

Brown coal doc's not ocicur Iwfore the tertiary period. The 
gases found in brown-coal deposits consist generally of (carbon 
dioxide (not of hydrocarbons as in soft-coal deposits). Zitowich 
published the gas analyses of such coals (Table LXXI). 


TABLK LXXI. 

ANALYSMS OK CASKS KOUNl) IN imOWN-OOAL. (Zitowich). 



In tkiliBrnliui I’jitent" Brown Coal. 

In Earthy (toal 
of Inferior Quality. 

v-o...... 

89,66 

82.40 

83.99 

(X). , . , ■ . . . 

1.80 

3.00 

1.04 

N.. ..... , 

8.03 

14.15 

14.91 


0.51 

0.45 

0.65 

. , , . - ... 

Sutii . . . 

100.00 

100.00 

100.69 


<!(). 

(;h« 

N.. 

o. . 
<'dl, 



JuUu»»Mlno In Bruex (Bo- 
hemia). 

(k)al from 
Boiaitss, 

C.ioal from 
Hablehtawald. 


37.62 

86.13 

31 

91 


9 


33.34 

29.04 

36.06 

28.81 

30 

20 








19 
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HEAT EXERar AXD FEELS 


While previoiiKly the browii-conls wi're elassifietl ns lignite or 
fibrous browti-coal, earthy l)ro\vii-eoal atnl eouchoidai hrowu- 
coal, Zinkon has HUgf'esieil tlie followitij; elassilicatiou: 

1. Common fmrim-coal. Coniimei. mon* or less tleuse and 
strong. The fraetun^ may vaiy in ehnracU'r rroin den.se to 
earthy; in structure it may !«* inon* or le.ss eonchoidnl: in a|>|)('ar- 
ancc it may vary frotti d<‘ad to slightly brilliant: in (“olor from 
light brown to dark brown, and light-brilliant toueh. 'I'his coal 
is between earth coal and i)it<’h-e()al, and i.s proilueeil in all sizes. 

2. Earthy hrown-cod. Mon> or less brittle, light, to dark 
brown, showing dead, uneven fiwtnn', without any organic 
structure. The lighter varu'ties burn with a long, the* dark ones 
with a short, but intense' fiamt'. 

3. Lignite or ftlrrom hrottm-conl. Morte or k*HS fossil wikmI- 
aubatance, yellow to dark hn)wn, s|«'eifie gnivity 0.5 to 1.4, 
fracture depending on the natim^ of tlu' wood. 

4. Slate-coal. Slaty, deti.s(^, dark-brown to black. 

5. Pap(r-c.oal. Thin, elastic layers of gray to dark-lirown color. 

6. Leaf-coal. Formed of very thin ieav<*s of plants. 

7. Beedrcoal. Reed-like strips fornu'd into rihlKmdike layers. 

8. Moor-coal. Compact without wtHMl-textun', of even, 
uneven or conchoidal fnuitun', sometimes slaty, mostly !(K».st', 
spongy and brittle; dark brown to pitch black. ,‘4jH'eitic gnivity 
1.2 to 1.3. Occurs mostly in the lower part of lignite ileposits. 

f). Pitchrcoal. Compact, brittle to tough, mostly weak, bta<'k- 
brown to pitch black; has the lustw |)iteh or wax. Hn*wn 
touch; fracture imperfect to conchoidal. HiMHufic gravity 1.2 hi 
1.3. Occurs tuiar vohianie rt)cks. 

10. Lmlre-coai. Compact, conchoidal, jet bla«'k, very Imlliant. 
The hardest and stnjngrjst variety. Hjaicific gravity 1.2 to t.5. 

11. Gogol (from the river Oag<*s in Licia). Dense, conchoidal, 
pitch-black. So strong that it can !«' workrnl into ornaments. 

12. Stalky Irrovm-coal. Like common brown coal but stronger. 

The average composition of browrr <a»al« is; 


Carbon 50 to 55 j«‘r cent 

Disposable Hydmgen I to 2 jx*r cent 

Water chemically combined 'M) (o 30 |«*r cetit 

Water hygroscopic 10 to 25 per cent 

Ash 5 tt> 10 [)er cent 
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The quantity of nitrogen present is nearly always less than 1 
per cent. The quantity of water varies as follows: 

Fresh-mined coal 30 to 40 per cent 

Sometimes up to 60 per cent 

In air-dry coal 10 to 30 per cent 

Coal which has been completely dried at 100 degrees absorbs 
in the air from 10 to 15 per cent of moisture. The ash varies from 
1 per cent to over 50 [x^r cent; it may contain from 1 to 2 per cent, 
and sometimes more, sulphur combined with iron (detrimental 
sulphur). 

The organic components in brown-coal are mainly ulmic acid, 
its derivatives and resinous substances. Otherwise the compo- 
sition varies considerably even in coals from the same mine. 

The following table shows the composition of some brown- 
coals ; 

TABLE LXXII. 


COMPOSITION OF BROWN-COALS. 


Plac?6. 




I. Austria Hun - 
:ary: 

Btyria: 
Johnsdorf.. . 
Leolian 
Trifail. 

(2) Bohemia : 

Daac . . . 
n. Germany. 
Elbogen 
Cologne 

III. B^ranoe, 
Dax... 

Middle Alysei 

IV. Ireland 
Lough Neagh 


Gas. 


Coke. 


Yidd. 


25.73 

30.07 


63.32 

54.82 


26 


Composition of Coal in Par cent. 


49.951 

44.93 

50.12 

77.64 

63.42 

i 

74.19 

72.19 

58.56 


3.67 

3.21 

4.06 

7.85 

4.98 

5.88 

5.36 

5.95 


16.931 

12.51 
13.141 

14.51 
27.11 

20.13 

22.45 

26.85 


0.97 

0.64 

0.65 


ILO 


6.03 

10.77 

20.15 

34 . 28 ' 

26.50 


Arih. 


4.92 

4.34 

8.43 

4.43 
6.63 


Sulphur. 


0.96 


U 

6 


1.64 

0.60 

0.83 


I 

?! 


4386 

3926 

4630 


As can be seen from the above table the composition of brown- 
coal of the same orij^n and mine varies considerably. It is, 
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therofon*, vc'ry difiiculi to gcd, an c‘xa<*t avcaiigt^ .^aiiiplr for analy- 
sis. For (letenniirnig thc^ mai-uniforinity in i!it‘ nmiposition, 
tho author hroko several small pitaass fn»m ii pii»re of eoal (of 
Johns(lorf) about the of a fist, llu* results of thv. analysis 
are given in Table' LXXIll. 

TAIiLlC LXXUl. 


eoMPosrrKKX ok nuowN <*oALs 


No. of Tt'Ht. 

PtTo^ritwto of 
H.vwo«'oi»k’ 

NAt’kl In OiiH 
Prrrt‘raim*‘. 

prrri’fiif ai,**' of 
C'lmi ar.stU» 

j iVrroniiinfi* i»f 

1 

i 


Mointun*. 

ttnrtt. 

1 

8.49 

28 fi7 

53 . 85 : 

i 

9.09 

2 

8.02 

29.07 

53 fi7 1 

9 34 

3 

7.77 

27.95 

54.79 

» 49 

4 

7.03 

28.41 

54,15 

II Kl 

6 

6.87 

31 67 

52,31 

9 15 

6 

9.13 

29,76 

53 , 27 

II 94 

7 

8.17 

28 HI 

53 21 

9 HI 

8 

7.24 

31 90 

51,54 

9 32 

Average. . 

7.91 

29.52 

53.33 

9 37 


Another sericH of testH with the same pteca* art' given in 
Table LXXIV. 

TABLE LXXIV. 


(tOMPOHITION OK IIHOWN4!tlAn«. 




W«4«hl of tho 

Itrtnlip 

Uxiwi III k«. 



III UriimM. 


No. of Tent. 

Uni.nw llmsl. 



llt*i|nlr«l f%w 



nin*ettv 

KoimO. 

1%*^? I K, Kiirl. 

IliiriiltiK t kif 
nt Kitpl. 

1 

1.00 

21 98 

21 98 

1 ilflO 

2 

1. 00 

22 31 

32 31 

1 . 7245 

8 

6.00 

no 30 

23.00 

L.IIIM 

4 

6.00 

109 38 

31 KN 

1 69 Ii 

6 

5.00 

III 69 

32 790 ‘ 

1 .. nm 

6 

6.00 

111 36 

22 OK I 

1 7116 

7 

6.00 

1IL68 

22 24 1 

1 7269 

8 

6.00 

110 42 

23 OK ’ 

1,7841 

9 

6,00 

1 110.09 

32 02 

1 702! 

10 

1 6.00 

112 62 

22 50 

1,73113 

Avt^’ffge. . 




23 3045 

1,72189 
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Tabl(^- LXXV gives several analyses of brown-cjoal asli. 


TAflLIO LXXV. 

CJOM POSITION OF BROWN-OOAL ASH. 


Ooal AnIi from 


MrO 

KgO. .. .. 
NiuO. ... 
(luorina. 



Knau- o.Kou 

, , nen- 

trapp. ' sdiein. 


3.12 17.27 20.67 36.01 20.5 

HO,v* 9.17 33.83 15.45 12.35 30.3 

PA 

00a 13.52 

AUb 29.50 11.57 1,23 23.7 14.7 

FeaOa 32.18 5.57 5.05 18.1 

MnO 1.13 

MniL 


2.88 13.47 


20,56 23.67 45.60 16.62 10.0 

2.16 2.68 3.64 3.4 

0.99 1.90 1.67 2.38 1.9 

1.72 1.86 0.38 


0.23 0.13 0.15 

Trace 17.47 10.86 
14.62 5.32 12.17 

39.28 15.96 45.44 

’' 7!43 is'.se "i'.ss 
34.15 15.67 16,60 
0.94 0.38 Trace 

|0.47 |ll.71 |9.91 


... 99.40 96.39 100.00 101.81 98.9 100.00 100.00 100.00 



CHAPTER XIII. 

BITUMINOUS AND ANTHRACITE COALS. 

A. BmiMrNouH Co.vi.. 

The older foHHil eoals, onlitiarily chIIchI hitiiiniiutus eoaln, are 
mostly black in color and have a high lustn*; no organic Htrncture 
can be diacerned without a microacoiH*. '!’!«' fractun* variea. 
The coals are not hard but brittle. 

In destructive distillation they yield tnort* solid msidumn and 
less water than the fuels previously treatol anti their UuniKtra- 
ture of ignition is higher. 

The great commercial importance of bituminous coals early 
caused their division into grou|)s, nmny dilTenntt sehemt^ being 
proposed. 

Schondorf based his classification o!i tint coking tpiality: 


Coke rough, / Iooho. ...... 1. Hand -eciiil, 

fine, Bandy < molten hard, loone in the eentiir . II, Molten mind-eoitl 
and black. ( rnoltan hard all over ..... . III. Hinter ecml, 

Coke gray and solid, opening like a hnd. . . . ^ . IH. Ilaketl-?thit4^r-tstii:il. 
Coke smooth, metallic, strong ... . . V. Biikiiig etial. 


Gruner based the following classification on the chamc^ter of the 
flame: 

I. Long-flame sand-coals (sand-coal rich in gas) can to iw*,! 
for reverbatory furnaces and as inferior gas coal. They bum 
with long, smoky flame, crack in the h(‘at, ant! disintegrate 
without baking. 

Sand coal. — Composition of coal sulwtance: 

C 7.5 to 80 jMtr (tent 
H « t)I> to 4..5 jM»r cent 
0 + N '»> 19.5 to 15.5 fter (tent 

The ratio of (0 + N) to H equals 3 or 4. 

By destructive distillation these coals yield from 50 to (50 {wr 
cent of sandy to slightly molten coke, evaix>rate from (5.7 to 7.5 
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times their weight of water and have a thermal value of 8000 to 
8500 c-al. 

The soot-coal, wliieh is of fibrous structure and contains only 
;i per (!cnt of hydrogen also belongs to this class. 

IL Long-dame baking coals (lotig-darne caking coals, gas-coals, 
sinter and baking c-oals ri(ih in gas) are used mainly as flaming 
coals and gas-(‘,oals, less suitable for coking (however, in special 
ovens a coke of medium (juality c.an bo produced). They burn 
with a long, smoky flame, get soft in the heat and fritted. (Coals 
standing in (luality Ix^twecn these coals and the long-dame sand- 
coals aro called sint(ir-(‘,oals). 

Composition of coal substenccu 

C ~ SO to 85 per cent 
H = 5.8 to 5 per cent 
O +. N — 14.2 to 10 per cent 

The ratio of (0 + N) to H equals 2 or 3. 

Coke residuum of destructive distillation 60 to 68 per cent (per- 
fectly molteri, not baked). These coals evaporate 7.6 to 8.3 
times their weight of water and generate 8500 to 8800 cal. 

III. Baking coals proper (medium-dame caking coal, forge 
(H)al), especially adapted to coking, gas making and heating. 
Bum with 1 (hs smoke; and more brilliant dame than the previous 
kinds, molt in the heat and bake together to solid masses. 

Composition of coal substances; 

C 84 to 8!) per c,ent 

H 5 to 5.5 per cent 
0 + N =<» 11 to 5.5 per cent 


Coke rasiduum by destructive distillation from 68 to 74 per 
cent; the coke is molten and more or less puffed. These coals 
evaporate from 8.4 to 9.2 times their weight of water and generate 
from 8800 to 9300 a&l 

IV. Short-flame baking or caking coals (coking coal poor on 
gas). Best coking and boiler coal. Difficult to ignite, bums 
with an illuminating, short, slightly smoky flame. Cakes some- 
what in the heat. 
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OouipOHitioii of c.oal .sul)sl.auc«‘: 

(1 NS toOI jM'rcout 

H r).r» to 1.0 per rc'iit. 

0 I N (}."> t(* 1.0 [XT Cl'Ilt 

() f N , _ 

- „l..ut 1, 

Coko-rc'HuIuum of <l('stni('ti V(‘ distillation from 71 t^i N2 por (‘cnt. 
The (!oko is molton, and compact. Theses coals t'va|K)raU« from 
9.2 to 10 tim(w th(‘ir wdglit of water, and f;«mcratc fromO.KM) to 
9()00 cal. 

V. Anthracitic coals (poor in gas, ok Icr .sand-coals). I'JsjH*ciaUy 
adapted to shaft furnaccis, iKuh^m ami dona'stic u.s(*s. Oannot Ix^ 
coked. Difficult to ignite; burn with short, weak ami pmctically 
non-smoking flame, (lakes slightly in tlu; heat ami fnxiuently 
(lisintegrate^s. 

Composition of coal-sidwtemu'!: 

C w IK) to 9.2 ix'r <*eut 

II « 41 ) to 1 {XT cenit 

0 f- N Tmlto .'Ijx^rcent 

O i N ... 

. alK)ut 1. 


Itesiduum of <lestruc.tive distillation fn)m 82 to IK) f>o.r cent, 
slightly molten, mostly sandy. Thm* coals evaporaU* fr«)tn 9 to 
9..5 times their weight of water and yield from 92{K) t4* 9.T(K) cal. 


A similar classification was made by Hilt, 
the' ratio (in weight) of volatile matter to 
at lOO degrees and frees of ash, we gt».t tlu» 
Table LXXVI. 

TABLE LXXVI. 

If we* determine; 
the; (!e»ke dritHl 
results shown in 

e:t.AHSIKIOATION OK t'OAI,. iHllt. 

) 

Kind of 

11*1 ill Ilf itwitliififfn 

Ilf A%ll will Viil ' 

Hill#* Hit in’. 

I. Anthracite 

IL Bemi-caking «inter-ecml (poor in giw) ...... . i 

in. Caking or baking coal . J 

IV. Baking gai^-coal — ...... i 

V, Binter-coal rich in gai . 

VI. Sand-eoal rich in gai .................. 

I : *iCI to 1 : fl 

t : t to n s.s 

1 : i.S to 1 ; 2 

Hi to I : l,« 

1 : l.S to 1 : l.m 

j 1 : l.iS to 1 : l.ll 
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Expressing tiic volatile matter as given in Table LXXVl in 
per cents free of asli, we get the results given in Table LXXVII. 


TABLIO LXXVII. 

OLASSIFKiATION Ot' COAL. (Hilt.) 


Kiti<l of (k>al. 


VolatiU^ MattiT. 
Per (rent. 


I. Authracito 

[I. Semi-cakiug coal 

III. (taking coal 

IV. Baking gaH-coal 

V. Sintor-coal rich in gan 

VI. Hand-coal rich in gan, . 


5 to 10 
10 to 15.5 
15.5 to 33.3 

33.3 to 40 
40 to 44.4 

44.4 to 48 


Dr. E. Muck based a classification on simple laboratory experi- 
ments. 

If a small quantity (about a teaspoonful) of finely powdered 
coal is (juickly heated, jireferably in a platinum crucible, until no 
flame is visilile at the cover, the (luality of the cooled residuum 
varies according to the coal used, as follows; 


Powder, just like the coal-powder used . . I. Sand-coal. 
Homewhat molten, partly powder ...... TL Molten sand-coal. 

Molten but not puffed III. Sinter-coal. 

Molten, somewhat puffed IV. Caking sinter-coal. 

Thoroughly molten and puffed up in a 

form similar to a potato V. Caking coal. 


The properties are the same in using the fuel on a large scale. 
In heating under admission of air (grate-firing), I, II, and III do 
not melt; but IV and V do melt to such an extent as to clog the 
grate openings, so that only I, II and III can be used under boilers 
and for household purposes. 

If melting (caking) coals III and IV are slowly and gradually 
heated, they (lo not melt properly and the coke-residuum is poor- 
looking, Boot-black and strongly puffed. This also takes place at 
high temperature and too large an air supply, since the fusible 
coal substance is destroyed by long heating (partial degasifica- 
tion) and excess of air (oxidation). If caking coal is heated for 
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some time in the open air (to alHiul .'((H) dcKreoH), it no longer 
cakes at all if afterwanls heated to a high leniperatun*. 

Depending on the fact, wlu-ther tla* coal snmiile i.** hcatwl to 
high (normal test) or low teinperatun* (pulling test) the coke 
obtained shows dilTerent volume and color, .\fter heating to a 
high temperature the vohmie is smaller than after heating to a 
low temperature. The color after the luirmal te.«it is more or 
less brilliant, silver-whiU', after the pulling test black and not 
brilliant. We find tlu' .same phenomena in coke (»\fn,s at low 
and high teanpewature. 

Considering l)e.side,s the (luality of tla* coke, the fusibility and 
the (lame of the coal, the chussilication fdven in 'I’able LXX\TII 
can be used (Mu(!k). 

TAULK i,.x,\:vni. 

erjvHHjnoATioN ok eo.\t..s 


Quality. 

fiition of tlto (itmU 
Dry mtfi ^ of A»li , 

iu I¥r 

ill 

IVr 

iliimlUy of 

Ci»¥ily. 


(1 

H 

() 
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TAIJLE LXXIX. 
OLAHHIKIdATlON OK COALS. 



CbmpoHltloti or (bill, 

yield 



Dry and Fri‘<5 of AnIi, 

of 


Oceumuit'i^. 

in Por (‘out. 

(bko, 

l>t*r 

Quality of (^oke. 


V. 

II 

O+N 



NitHierwuHclmityi, Saxony .. 

82.34 

4.73 

12.93 

66.43 

Sandy. ^ 

Zwickau, Saxouy ! . . . 

82.59 

4.76 

12.65 

77.29 

(?aked. 

Alma Mine, 4, WohI*- 

phalia,. 

87.47 

5.03 

7.50 

75.80 

Slightly molten. 

Prcnitlcut Mine, Dickchauk, 
WoHtphalia. 

87.71) 

4.78 

7.24 

77.60 

Claked and 
Htrongly puffed. 


Ooal tlcpositB are not at all homogeneous, and we can generally 
distinguish the following components: 

1. Malting coal, jet black, brittle, brilliant, easily split per- 
{Ksnclicularly to its layers. 

2. Dull coal, brown to gray-black, hardly any brilliancy, 
stronger and less brittle. Is not scissile and shows rough frac- 
turtL 

Malting coal is the only constituent of sand and sinter-coals, 
semi-baking, and is the {)rincipal constituent of the baking and 
coking coals, while gjis-coal consists of alternate layers of- malting 
and dull-coal. A e.oal extremely rich in dull coal is called cannel- 
coal. Bince the malting e.oal occurs in every kiird of coal, it is 
self-evident that it has widely varying composition and fusibility. 
The dull coal is usually richer in ash and always richer in hydro- 
gen and gas than the malting coal. 

3. Dibrous coal is widely distributed in all parts of the coal- 
deposits, forms generally thin layers, is similar to charcoal (there- 
fore callal mineral charcoal) is infusible, low in volatile matter 
and is therefore detrimental in coke and gas production. 

4. Bituminous shale, i.e. slate impregnated with coal sub- 
stance, is frequently similar to cannel-coal. The coal substance 
of bituminous slate is rich in hydrogen. The moisture of freshly 
rained coals varies. In air-dry state they contain from 2 to 4 per 
cent, sometimes up to 8 per cent of water. The ash varies from 
2 to 20 per cent. For some special metaUurgioal uses, the com- 
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pusitioii of the ash luis to 1 k> coiisidcml, as a<H)ai rich in sulphur 
or plK)S[)hor is clotrimciital for (*(*r(ain uses. 


TAliLK I, XXX. 

ANAt-VSKH OK ItrrOMI.S'ot^K <‘nAl.K. 



(JlW. 

('okt'. 


(‘tMiiiKwUJiin <if t'oiit III 

I^T rt’Ul 












1 8til|thuf 











iVt 

mi! , 


Locality, 

Yield in 

(’ 

11 

() 

X 

lUi 

Adi 



it 

llM 


INt cent. 









i 










”4 

A .H 

p; 










H 

•3 


AiiHtria: 












KladuH....... 



50.48 

3,55 

8 80 

1 Hi 

7 so 

Hi 02 



5407 

PilHOIl 



75.00 

4.51 

8 41 

8.41 

6 . 08 

5.31 



7008 

Karwin ....... 


70,5 

68.80 

3.00 

8.2.'i 

1 36 

5,65 

II 0? 


ii , 00 

6420 

Maehr. OHtrnu 



77.21 

4.00 

8.32 

1 . 30 

2.41 

6.07 


0 68 

7200 

G arm any : 












Upper Hilenia. 



73,20 

4.03 

10.11 



2.76 




Haarbrilckeii . . 



■72.38 

;4.46 

15 05 



8 U 




Aachen , . . . . 



89.32 

3.80 

2 71 



4, 17 




EHHon 



85,02 

4.05 

5 03 

1 71 


2.00 




Bochum. ..... 



85.00 

4 . 56 

4 77 

1 56 


3.21 




Wantphalia. . , 



70.82 

4,06 

4.70 

1.25 

3.00 

5 . 36 

o!«2 


. 

Franca: 












Ht. Ktienna . , . 

19.75 

70.0 

84.54 

4.77 

4,50 

0.H4 

1 25 

4 mi 



8302 

England : 












TyldaHlay 

32. oa 

57,75 

74.40 

5.H) 

8.25 

1 52 

6 07 

4 08 

0 40 


7060 

Biekershaw... 

29. ai 

03. B7 

78.03 

4.00 

7.24 

1 57 

4,36 

1 m 

1.04 


7465 


By (Ireasing and washing, the aHh-eontt»nt eati tx‘ <>on»i<lemhly 
(loctreased. 

Of technical iinjrortance ia the docotnixwition of coal in the 
atmosphere by al)s<)rption of oxygtm, which takes place in two 
stages; at first the available hy(in)g{sti aiwl w«m» carlatti an* 
oxidized to water and c.arlx)n dioxide; in the H«*c*ond stagi* oxygi*n 
ia abaorted by the coal, but no carlx)n dioxide nor wnt<‘r <*mcii|m*h, 
80 that an inertiase in weight takes place, sometiniea sis much aa 
4 per cent. Thereby not only the thentml value, but also the 
property of caking and the yield of «)ke is d«s*n‘asiHl. 

By this absorption of oxygim and oxidation the coal is heatwl, 
sometimes to such a high tem{)emture that not only the inclutlwi 
gases escape (causing tlecreaso in weight) but also sjxHitaiKious 
combustion can take place. This spontaneous combustion 
is facilitated by the oxidation of pyrite, which is pnwnt in the 



niTVMlXDV!^ AM) AXrilliACITI': COALS 


18/') 


(^oiU. Tlu' {i;us('s included in l)il,uininous coals vary in coinjrosi- 
Uon as follows : 


M(dihan(' () ])cr cent to !)() ixn- cent. 

(’arl)on dioxid(‘ 0.2 ix'.r cent to 54 per cent. 

()xy}i;('n tracer to 17 ]x'r e.(uit. 

NitroK('n I() per (xxit to 90 per cent. 


Tlu; (luautity varic's Ix'twoen 18 and 190 eu. cm. in 100 g. of coal. 


TAOLK LXX.X:r. 


ANAr-YHIW OK lUTirMINOUS OOALB. Artll.) 

HITlIMINOUa eOAl, KROM THK KHANKKNIIOI.Z MINK WITH 8.1 PER OKNT 

OXYOEN. 


Kronh tuinad 

Aftar 12 luonthH: 

In runninK wat.ar 

In Htagunut, watar , 

Kjcpcmeul to thei waathar.. 


AhIl 

Par 

cant. 

(5 Per 
(•(‘lit. 

M Pi t 
('(‘ lit. 

0 Per 

C(‘Ilt. 

C P(‘r 1 II 3 IHt 
(’(‘T it. 1 (‘(ait. 

of Organic 
CoinpoundH. 

2.08 

81.69 

5.79 

8.15 

83.42 

5,91 

1.75 

82.24 

5.70 

7.88 

83.70 

5.80 

1.82 

82.15 

5.62 

7.94 

83.67 

5.72 

l.OO 

81.45 

6.58 

8.80 

83.08 

5.49 


BITUMINOIIH (X)AL FUOM DUOCOUUT (PAH DE EALAIH) WITH 3.7 PB:R 

(nCNT OXYGEN. 


Frenh ininad 

4.08 

85.06 

5.20 

3.68 

88.68 

5.42 

Aftar 12 months: 

In running wiitar. 

4.33 

85.70 

5.26 

1 

2.71 

89.58 

5.49 

In stagnant watnr 

4.78 

84.67 

4.87 

3.74 

88.92 

6.11 

Expewad to thd waatliar, . ...... 

5.77 

82.78 

5.00 

4.54 

87.84 

6.30 


BITUMINOUa GOAL mOM AIHEAU-PUfiLE (GHAELEROI) WITH 1.6 PER 
CENT OXYGEN. 


Frnsh mined 

2.86 

89.83 

3.88 

1.59 

92.41 

3.99 

After 12 months: 

In running water. 

2.64 

89.30 

3.79 

2.61 

91.70 

3.89 

In itagnimt water — . . 

3.31 

89.01 

3.84 

2.06 

92.05 

3.97 

Expoifici to th© weather 

3.19 

88.77 

3.99 

2.38 

91.60 

4.06 
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H. ANTUHACn'K. 

Anthracite is the last stage* of carbotuiccH ms « t(H‘ay. I i is hla(‘k, 
very hard and strong, lias gene^rally <*(mrhoidaI fracture (some- 
times it is very slaty), and has a specific gravity 1 . Id to 1 ,K0. 

Anthracite burns without smokes witli a short, weak, reddish 
flame. By distillation an extnnuely small quantity of volatile 
matt(*r is obtained. The* composition of tin* organic conipement 
is: 

C 9.'i U) 95 per cent 
II 4 h) 2 jHU* (amt 
0 t N 5 per (‘ent 

1(K) per cent. 


TABLE LXXXIL 

ANALYHKH OF ANTHHAeiTFS. 


(}ai< 

0<x’,un'anoe. Pt^r 


Denver, Euby 

Mine, IJ.S.A 

Denver, An- 
thracite Mine, 

U.8.A 

Pennaylvania, 

Wiltobarre. . . 

Do 2.75S7 

Tonklng, 

Kebao 4.66 i5 

Turaohar-AlE>e 

Btyria ..... .... . . 
Werchisirm- 
Alpe, Styria . .... . . 


Asll 

I 

Li' 

1 

pm 

IVr 


■■a • 

ivul^ 


l3i 


H7.m 3.11 0 13(1 


H9.49 a. 33 i.ni 6(1 4 mill rnl 


H6JH 2 mi 


6 117 (I m 


00 86 Ami, 006 1 . 440 0 . 76 6 , 46 6 Wl , 7484 I*. Maliitf'. 

1086.746 2.7380.671 0. 602. mi 6 46 mm . Do, 
..84.14 0,66 4.m ....4.81 4 82.,. , 7M0lIt l%4liffci.i 


76,48 2,06 8,88 


2.®« , ,181. 



The, distillation yields: 

Powdered coke 

Gas 


INDIES AND ANTHRACITE CO ALE 
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IEu(jijcM\(m.>^ Jot 

I^kanuuation of various solid fiuds. Kloiuoutary and iuteriue- 
diate analysis, fiud t(^sts, a.sh analysis. 

Dotiu’ininaiion of Uu‘ (Uuisity and of tho weight of 1 ou. m. 
hlxainination of grtnui and s(‘asoned fuels. 
l)(d.(‘rmination of tlu' ([uaiitity and eoiui)osition of the included 
gases. 



CIIAin’IOH XIV. 

ARTIFICIAL SOLID FUELS. 

For cortiuu purposes il Ih I'* ricficr in 

carbon than tlu^ oiu^s oc(UiiTin;? in natiiri'. Such iiicLs Hr<* pn*- 
pared by (lestruc.tive distillation of the natural solid fuels, 
wborciby tlui following prcKlue-ts of decomposition are formed: 
(1) gases; (2) tar; (3) tar water, and (t) msidimm rich in carlK)U. 

The (luality and <|uantity of tl«' priMlmds of d«*com|«>siti«>n 
depend on the nature of th(‘ niw maU^ial, tem{HTattm! ol <lecom- 
positiou and other cireumstjuuHw. With increasing temjHTattmi 
the output of gas increases lx)th as to weight and volume, but 
simultaneously the ((uantity of heavy hydrocarl Kin.s in the gas 
decreases, au(l therefore also the illuminating power of the f^us. 

The pressure utuh^r which the distillation is carritsl out is also 
of importance relative to the pnKlucts fornuHl. 

The advantages of producing earlxmiioed (coktHi) fuels an*: 

1. A fuel of higher thermal value is obbiinetl. 

(a) As the carlMui-conttmt of the cokwl fuel is higher than 
that of tlu! natural fuel. 

(h) As the volatile sulwtaiMuw in sjate of tlu'ir csombustibility, 
rcciuire for their gtwificati«)n a cotwidiimbU* amount of heat, 
whicdi is at our <lis|s)sjd when we ust* coktsl fuels. 

Thereby the cost of transiwirtation jht lu*at unit is (leereased. 

2. Combustion of coktsl futds is sitjokeless. 

3. Gokisd fuel does not bake. 

4. Coked fuel (ionttuns l<‘w sulphur than d(«^s raw fuel. 

5. Under certain (conditions valuable by-jinKluets <can b»^ 
colleetod. On Uie other liand eoking has the following disad- 
vantages ; 

1. The carbonizing (coking) of the natural fuels refjuin»s a 
certain amount of heat, fuel, and machine^. 
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2. ('okc'il lu('l hums willi a siiorl llaiiu'., while for eerlaiii 
oix-rnUons a louj; llaine is essential. 

M. Th(^ ash-e()nt(‘ut is ine.n^ased l)y (‘.okiiij^. 

II(!a(, of fomiation of 1 kg. of a fu(d is the uuiul)er of calorics 
which were set fre.(^ by tlxi formation of such fiu'l from its ele- 
ments, and which naturally hav(! to be added again for the 
decomposition into tlu' ('lements. Heat of de(H)mposition is 
obtained by dc'ducting tlu^ diixictly observed heat of (iornhus- 
tion of tlu! find Irom tlu^ sum of the lu^ats of combustion of the 
elementary (components. 

Hc.hwac.khiifer found for Ostrau (Austria) nut <;oal: 


(’ 78.55 i)er cent 

Hj -1.51 per cent 

O 1 1 .88 p('r cent 

, N O.-K) per (ent 

llygr. IljO 2.41 })('!• cent 

Ash 5.(18 ])cr cent 

(kimbnstible sulpliur 0.(10 per (cent 

'riu'i'iiud value 7488 cal. 


'Phe. Imat of combustion of the elementary components of this 
c.oal are: 

(' 0.7855 X 8080 - 5042.84 cal. 
llj 0.0451 X 20,(100 1848.81 cal. 

s’ 0.(K)(10 X 2500 15.00 cal. 

'I'otal (1801.(18 cal. 

'Phermal vahui of coal dedmet 7488.00 
Heat of formation of I kg. (coal 1 181.82 cal. 

For coal from beoben (Styria) Schwacklulfer found: 


(1 (10.01 iKcr (ent 

H, 4.22 ()er (cent 

0 17.09 per (cent 

N 0.71 per cent 

Hygr. Hj( ) 9.02 per cent 

Ash 0.25 per cent 

Combustible sul|)hur ()..52 per cent 

Thermal value 6013 cal. 
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The heut of combuHtion for the element ary comiMmetitH im: 


c O.flUUI X si)«) llfii raeal. 

II 0.(M22 X 2U.(KK) I2lf»,l2eal. 

H . . . ^ ’ 0 . (K)’)2 X 2r)<H> 1.1 . (K) enl. 

Total tus;i.<>r> nil. 


Thermal value of coal deduct (iOl.'t .lKl nil. 

Heat of formatiou of 1 kg. coal i 1"<I <>."» cal. 

The lu«it u(i('easary f(>r gasifyiiig coa[dt‘iH'ud,'< on tin* lialun* of 
the giwfication, f.c. th(‘ nature <if tfie'producM of fh*cotniMi.si|ion. 
TT the giisificatuin i.'^ elTected by ilestnudivi' dintillntiou, the h(>at 
nec('Ksary eiiuaLs th(! difTc’n'Uce of the heat of formation of the 
coal anil the heat of formation of the distillation {iriKlucts 
(from the elementH). The heat necessary for gn.Hifving can also 
he calculated by deducting the tlH'rmal value of the distilla- 
tion-products (calorimeter) from tla^ thermal value of the coal. 

Therefore the heat nsiuin'd for the destructivi' distillation of 
1 kg. of this coal is 2.>t.75>2 cal. 

Ac.cording to the nature of tlu* raw material, the i-oktHl mate- 
rialn are named: 

1. Charcoal. 

2. Peat-coal. 

1. Coke; to the cIhsh of artificial fuels ladong also the 

4. Briquetti'H. 


'rABi.K i,xxxm 

«)Mi>oHrnoN ANO eaooocTH OK OKSTiuHTivr. msrn.i.A'rioN ok (?)ai,. 
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CHAPTER XV. 


CHARCOAL. 

Thk dry (Ustillation of wood yields 

(a) Hygroscojjic. water. 

{h) Illuminating gas, (‘.onsisting mainly of , 
Acetylene, CjHj. 

Ethylene, CjH^. 

Benzol, CeH,. 

Naphthalene, Cj„Hg. 

Carbon Monoxide, CO. 

Carbon Dioxide, CO,. 
Methane, CH,. 

Hydrogen, Hj. 

(c) Tar, consisting of 

Benzol, CjH#. 

Naphthalene, C,gHg. 

Paraffin, CjoH^a to CjjH^,. 
Retene, C,gH,g. 

Phenol, C,H,(). 

Oxyphenic Acid, CjHgOj. 
Kresylic Acid, C,HgO. 
Phlorylic Acid, CgHj„0. 

,C,H,Og. 

Creosote •< CgH,gO,. 

(CgH„Og. 

Resins 

(d) Pyroligneous acid, consisting of 

Acetic Acid, CjHPj. 
Propionic, Acid, CgHjOj. 
Acetone^ C,H,0. 

Wood Alcohol, CH,0. 


(e) Charcoal. 
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(’-luircoal coiitiUiis, In-sidcs cHrlMiii, li. O atid H.Hh,uiul j't'tiia-ully 
also liygroscopio wait'r. 'I'lic avcruf'c t-iiiiiiiositinu of air-dry 
charcioal is 

(1 (iiicludiiifr II and (>) No ]«•(■ cotit 

lIy}>;ros(' 0 |>ic HjO 12 jicr coiit 

Ash o|MTCCIlt 

KKt jM'i' (■out. 

Taiimi takes the avera^!:i‘ <'omiHisiti<iii of elmreoal as follows: 

Air-Dry i’erh'ctly Dry 

C Tf^.T) \ Ki 

0 12,0 >00.0 JHT {•eat l.'l 2 ; ON 0 |H‘r eeiit 

II 2.5 ) 2 7 > 

Ash 1.0 1.1 

Hygr. IIjO. 0.0 

KMI.O KK) (» 

Aecordiiig to the n'searehes of Vi«>l(>tt«* oii eliarriiig \vo(k1, the 
wood remaitis uiiehatigt'd up to a t<*m|M‘rat»m' itf 2(M)'’('; at 
232° (I. it gets bntwn; ia^twmi 270 and 3*»0*'(', red eonl and at 
400° (I black coal is formed. 

Th(' so-eall('d ml wood, which Ktiuids lK*twe<'ti r«*«l atid black 
coal, has the. following composition (Kti'senins) ; 


0 52 (ki }>er c»*nt 

H 5.7H |K>r ei*nt 

O .'{O .ttI jK*r eejit 

Ash 0.43 {K*r cent 

lljD 4 . 451 ja^r cent 

KKl.tKl j«>r cent' 


Violette’s researeluB comprise' tln‘ following w'ries: 

1. Coals made at different charring temjx'mtures { 150° to over 
1500° C.) from one kind of wo(h1 (Hlmmnm frantfula). 

2. Coals frf)m the same wmal pitKlueed at different t<*tn- 
peratures in entirely closal vcwels. 

3. Coals from those kinds of w<hh 1 which are mainly u«al in 
France for gunfKiwder manufacture. 

4. Coals made at 300° C. from 72 tlifferout varieties of wtsal. 



TABLE LXXXIV. 

DATA OX THE CHARRING OF WOOD. 


CIIAHCOMj 


Oijti 


a _ a 

g-TS’S a ^ 

grSo^Se# 

<rnOOrr)i^^ 


A:nimim.ia 

wr»>Ln«>i 




ooooooooooooooooooooo- 


«#!if«5!?;;?lssafiSas?;?3SN22£2a°"="=> 

'o' «© in in m’ 'r »n m' V m' -^r V tr V m* V -ii*' V V -- na o © 

iiEgls5§2§iililSS5S§i2iii5SS 

iSCJSS^'SlSflSRSSSRHHRRRRRSSSoSSSSSS 


88K»8:25SS:RRR2£S3!SRR!S«ESRS5«m8 


* I U ! tl 1 « iTi ij' »*- >“ in rn ^ w 

C) Jf** 8 ^ iS «0 R i5 5n in' «n !n tn ^ 


^«r>^4r^^--.*-p^e08oao^s.^N^»l( 


I 001 ^***>**1 
I -«»{) 


8^55:0828 


sss§?§gssssg§§s§ssss§9iiiile 


A,U«i»t^ ) U(»tlttU(>() 

»UJA'.l(t Atl ^Wt»f piih) Ji)4 


8SS«S88R»2S559$5a!fSRS883^^ 

in r»I W rx.* m' try r4 V fn i 3 12 Si — * — ' i l£ C2 2 2 12 2 2 


«(N«n'«r’»niOnkSO©02:f:^j2252£2:2S8?5?^?5e^V5«^?5?^ 


* Melting platinum. 
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Kor ti}i6BC oxpcriiiu^nts tlu* wcmmI i*iit into c^'lniclrii’nl 

pieces of 1 cm. diamt'ler and drieti in a current <tf steam at ir»(P ('. 
The charring (except in th(! .second series) \vn.s effeetecl up to 
350° C. with .supc'rix'aU'd steam, at hi|,dier temiMTatnn* in a 
crucible at the melting point (»f antimony. eop(HT, .silv(>r, gold, 
steel, iron, and platinum. 

The results of tlui first seri(« ur«> given in the table tm 
page 193. 

TABLK t.X.XXV. 

yiKI-n OK OOAt, BY «ni.\RUINO, (KartlMU 


Kind of Wood. 

HaniiJ 

KftfMiHI. 

Kiirsiiii , 

w liHiilliiitoii, 

1 Wlaklw 

Oak wood, young. . . 

Ifl 

64 

26 

60 

1 30 

1 

22 

H 

Oak wood, old 

Id 

m 

36 

71 



Red beeeh, young.. . . . . 

14 

m 

26 

m 

1 34 

6 

17 

a 

Red beeeh, old .... . — . 

!4 

u 

30 

IS 



White beech, young . . 

IS 

II 

26 

22 

1 a;t 

M 



White beech, old . 

IS 

66 

ao 

46 

1 




AlflAr. voimfir 

14 

46 

26 

66 





Alder, old 

Id 

SO 

26 

66 





Birch wood, young. 

IS 

m 

26 

06 

24 

4 

17 

e 

Poplar. 



m 

n 

17 

7 

Birchwood, old, ........ 

IS 

W 

24 

70 

M 

4 

IT 

« 

Birohwood, well pitinerved. ... 

12 

16 

26 

10 





Red pine, young. .. 

14 

26 

26 

26 

1 23 

4 

20 

6 

Red pine, old ........ — .... 

14 

06 

26 

00 

1 ^ 




Blr wood, young . . 

16 

22 

27. 

72 

! 

6 

20. 

1 

’P’li* wnofi , ftlrl 

IS 

36 

24. 

76 



Pine, young . . 

16 

62 

26 

07 

1 23 

7 



Pine, old.; . . 

IS 

76 

26, 

»6 

1 




Linden 

IS 

30 

24. 

60 

22 

» 

li. 

i 

Ash 





11 

! i 

li. 

4 

Willow 

Rye straw .... 

Fern 

»3 40 

17 00 

”2l’«0 

27.06 

n 2 

16 J 


The tots show that nuiek coking yields only alxnit half as 
much charcoal as slow coking. 

Violette obtained by charging wfasl into a podieaUsl ( i;{2 
degrees) charring vessel alx>ut 8.90 {x»r cent coal, while he 
obMned 18.87 per cent by heating the same kind of ^'(kkI for 
six hours gradually up to 432 degretst. 

In the second series of Violette’s exjx'riments the wmal pieces 
{Rharmus frangukt) were weighwi, drital at IWf th atwl wert* 
kept in closed glam tubes at conatant temijeratuw* with MU{)er- 
heated steam. The resulta were : 


YIELD OF COAL BY CHARRING. 


CHARCOAL 


196 
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Th(^ third stM'icss of (‘XiHO’iinciils with nmls Hifiiii* fniiii diffm'iit 
kinds of wood sho\v(‘d tho vnrinblr f‘oni|iositiiiii af tfn» rliiirfcmf 
obtained, Viok'tte found in the int«‘rior |iiirl nf tin* iifijmnitiis 
coal with 85 per eeiit^ earlxm, on the widl> wit It III per etaii of 
(uirhon. 

Jn tlu^ fourth seric's of (‘XperiuHUits 72 kiinir. nf wimhI wen* 
dri(Hl for two houi>? with stc^ani of loirT. imd fhiii rtiarred for 
three houi>? with stcxiin of C‘. llie results were ns fiilluws: 


TAHLH LXXXVII 
viKrn OF <*c»Ai. B\ i*n\iiiu\«» 


No. 


Kind of Wood dric‘tl at 150 
Oc'ffrfH'N, ut 

fiOO ni»grw*M. 


Vtidtj 

|of Foal. 
IVr 
I'inir, 


1 

2 

3 

4 
6 
6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 


( -ork wocul 

Ebony 

Hatinwood ..... 

Willow (foul) , , 

Wood frotn Horcndiiftidufi , 

Wheat Htraw ... 

()ak........ 

Yew treao , . ! 

Mahoirany , 

lUmAi ^ . , 

Ironwood 

J unipew 

Pock wood... 

Moor pine. . . 

Poplar (lea veH). .. . 

Poi)lar (root) , . 

Fir. . 

Funfi:uH|i^rowin^on willow 

Box , . , . ... 

loteetreae 
Bird cherry 
Pahn-tre^e^ I . . , . . 

Thuja, ('aniuiian 
llomp Mtalk . , . 

VirmrPi bower 
RuhIi 

€ocoamit-tr©e 
Carded cotton 

Elder-trcfi 

Varniah-treie, . , „ , 

Roiii-tree (wild), 
Horieysiudila. . . . 
8h)inale-trcci 

Vina 

Ohcitnut, . ... 

Bean trefoil 


%%t U*»t»d ilrird ISO 
< tfe'iirw'!,. rimrrrd «l 

j mm tk^m-rrn. 


1 ‘urfsiiil. bio^h , 

M I'll bit' 

Cln^rry . 

Ariicririin imiwu . . . 
Ilominl iiiill’iiil , . . , 

^ I %-y . , . . , 

1 llitH tbiirii . , 

! Pliiueu ri'c 
I Aj*|i|eUri*tt , . 

i Idfii-freo. . . 

I Hofnbciiin , 

I Alder- tree. 

' liiirbcrry . . 

Fiific . , 

B< rail -free . 

Phiin -Irre. , , 

Hyrittiiofr . . . 
WllllHV. . . 

AJder-- biicktlinrii . 
Virf iiiittts iiriifdii , , 

Flriwcry i|o«ai'i#ii#| 

Briaiiii , , . . 

Aiili-lriw , , 

Oiiirice d.rei? . . 
Ilii.*t*ldrw' . 

Bird c berry , , . 
Iloliy-trei! 

Alateriiui .... 
Cltiiddf^rwimii .. 
Piitir'd.rwi ^ 

IJIlMf , ... 

Bentiidii, . , . . , 

Pfifdfir . . , , 

llowti-clientiiiif , , 



i 35 (lei: 
i 35 57' 
35 53 
34 H7, 
34 8f|i 
34 75 
34 7i 
34 till 
31 611 
34 511 
.34 44 
34 4Uj 
34 m 
M U 
M 17: 
:i| (Mil 
33 7f! 
:i3 751 
:i:i 741 
:i:i 61 1 
:i:i 42i 
33 3ii 
:i:i :i3l 

:i:i ml 
m 7i 
32 7(11 

m 21 

j :» 115' 
:i3.ii3; 
:ii nMj 
:iFsii 

31 ml 

:ii 33 
:io ««j 
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'riu' cotu'lusions tliat. can he drawn from Violette’s oxpori- 
iiKMits an*; 

1. Wood yields U'ss coal the higlu'f the temperature. For 
(lu! sanui kind of fiud the yield for instance is: 


At 250“ (’ 50 p(n- weight, 

At, 200“ (' 22 per cent weight, 

At 100“ (' 20 p('r cent weight, 

At 1500“ (' 15 per cent weight. 


2. From woods treated at thii same temperature the yield of 
coal is proportional to the time of distillation. With slow dis- 
tillation th(( yit'ld is twic(! ns gnyit as with (luiek distillation. 

2. 'I'he carbon content of the <‘oal is proportional to the tein- 
p<‘rature of distillation; tlu' coal contains for instaiicie: 

At 2.50" (1 (15 per cent. 

At 2(K)"(’ 72 per cent. 

At <100" (' 80 per cent, 

90 per cent. 

4. By distillation in perb'ctly closed vessels very little carbon 
is giisified, as most of tiu' carlM)n is retained in the coal in solid 
form on account of the in<-reased pressure. This explains the 
higher yiekl in retorts jis (compared to tnle-c.harring. 

5. The charring of wood in perfectly closed vessels yields at 
280® (k 80 pt'r ci'tit of red <<oal, whik^ l)y means of superheated 
steam otdy -lO per cent can obtained. This is due to the 
incretised pressure, which changes the equilibrium towards a 
smalkT volume. 

0. In [X'rfectly closcxl vessels wood melts at from 200 to 400° C. 
under formati<m of a black, brilliant mass, without any organic 
stru(d,un', similar to nudted pitch-coal. 

7. Foals pnahauHl in cylinders or iron pots are of variable 
cojiiposition (70 to 8<l per cent C.), while with superheated steam 
-- aecortling to t,('m{K>rature. — coal of any constant composition 
can Ik! made. 

The red coal used in gunpowder manufacture is nothing but 
half-<*harrtHl wood of real-brown or brown-black color. It bums 
with a long illurninant flame and tlien^fore contains Ims carbon 
and rnott^ hydrog«;n than charcoal proper (black coal). 
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(4oo(l charcoal is black in culor wit li a stcfl-hlut' hist re. It, 
has a (listiiicl. wood stnictiirc, conchoidal I'racturf, low siiccitic 
gravity (0.17 to 0.121), is fairly .stroii):, oa.sily i^iiiitrd. and burns 
with a very short, hluo, sinokoliw flaiuo. 

By lying in the atino.sphcn‘ charcoal al>sorbs hImiui HI per 
cent of water; if moistened din>ctly with wat«*r, .'Ai [ht cent is 
absorbed. 


WKIOHT of CHAUCOAI.H ( lViriiMt».k). 



100 I4im 

(Iiimtml, 

Km. 

From noft wood, . . 

17 

From hani wotni. avorago. 

24 

Hard and noft wood tnixwl. 

2i 


The loss of volume of chanmal during transportation. «»tc., by 
breakage and friction is, acconling to Wesmdy : 


in Voliuni*. 
cnrit, 


Hours aoaording to ((uiUity 
road. 

1 

2 , 

3 

4...:.. 


(•ttrilw. 


Limit!*. Avi.!rii|ci\ 

H s| 

li-8i Si 

13 2 

12 U 


Sh-Wtiiiut. 


i.ilint*. AvnrMac. 

3 « 5 

U 3 3 | 

t 21 If 

I l| l| 


One volume of charcoal from IxjxwtHHl absorb* the following 
quantities of gas (Saussure) : 


NH,, 

HCl. 

SO,. 

H,8. 

NO,. 

C,H, 


90 

vol. f 

1 00, 

...... .35 

voL 

85 

vol. ' 

CO 

9.42 

vol 

65 

vol. 

0 

9.23 

vol 

66 

vol. 

N 

7.60 

vol 

40 

vol. 

OH, 

3.00 

vol 

35 

vol. 

H. 

1.76 

vol 


0.59 g. of (Afferent kinds of c<Md absorb tite quantitii* of dif- 
ferent gases Cm cu. cm.) given m Table LXXXVIU. 
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TABI.K KXXXVm. 

AHHOUIlINd <'AI>A(’ITY (IK (lOAKS. 


Nil,. 
IlCI,. . 
II, N.. 
(’() 

.so,,,... 


(Iiiircoal. 

I’Cdlt. 

Bo IK' 
Black. 

98.5 

96.0 

43.5 

45.0 

60.0 


30.0 

28.5 

9.0 

14.0 

10.0 

5.0 

0.8 

0.6 

0.5 

32.5 

27.5 

17.5 


Th(‘ tomporaturo of ignition depcndK on tlie temperature of 
(liHtillatiion aw shown in Table IjXXXIX. 


TABLE LXXXIX. 


TKMI'KUATirUK f>K lONITION OF CHARCOAL (Vlolette). 


TcniiH'mturc of dliarrinir. 

Tc*miK‘mt.ur(^ of Iiniition. 

300° C. 

260-280° (1. 
290-360° E. 

432° G, 
1000-1500“ G. 
MeltinK point of plati- 
num. 

360-380° C. 
340-360° C. 
360-370° C. 

400° C. 

600-800° 0. 

1250° G. 


We can (dassify as follows the different methods of producing 
char(!oal 


A. Charring in tha 
woodii or aarbon- 
king uiwlar mov« 
abli cover (with 
changeable volume 
of the charring ap- 
paratus ). 


(a) Without re-1 
covary of by- 
products. J 

(b) With recov- 
ery of by-prod- 

■ ucti. 


B. Charring In ap- 
paratus with con- 
stant volume of 
the charring space. 


1(a) Pile-charring 
(the heat re- 
quired ii gen- 
erated in the 
interior of the 
cjoking ipace). 
(b) The heat for 
charring is fur- 
nished from 
outiide. 



vertical. 

horizontal. 


(a) in pits. 

(j9) in piles. 

(a) The heat necessary for char- 
[ ring is furnished by partly 
burning tha wood to be charred 
(niles with admission of air to 
the interior). 

(fi) The heat necessary for char- 
ring is furnished by combustion 
by gases free of oxygen (piles 
with admission of combustion 
gases free of oxygen to the 
interior). 

(y) The heat is furnished by 
■ superheated steam. 
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, 1 . ('Iiitrriiiii ill the inunls. 

(a) (’IuuTiiif>: without n'cuvory of hy-imtilutis. 

(,<v) (Ihurniijiiin [nts. 

Tlu' pits an- alxuit 1 lu. tlf(‘p, 2 ui, wido at tiio to|). 
somewhat narrower at tiie iHittoin, 'i'he lire is start etl 
with hrushwootl, then the wood is piled tip and cov- 
ered with earth. 'I'he coal is lijjiht ainl iinetiually 
burned. 

(/y,) (tharring in round pile.s. 

These piles liuve gt'nerally the form of a paralKiloid, 
and their etibie content is ealeulateti uceoitling to the 
formula 

il’^z h (Phi: 

r 2 .s ’ 

or, as on the finished pile, the circumft'renee can b* fignml more 
easily than tint diameter: 

tP r h iPh iP h 
4 2 Hr 2">.dl 


As, however, the shape of tlu* piles is not (‘xactly like a para- 
lioloid, from 4 to (» per cent is dedneliHl from the volume calcu- 
lated atatording; to alnive formula. 

The followiufi varieties of wood are mainly usi»d for <4iarring 
in piles: — of coniferous trees; pine, fir, mi pine, and larch; of 
leaved wood: oak, rt'd InHadi, white l«H*ch. ash, <4m, alder, anti 
birch. The most favoralrht age of tm*s for charring is given in 
Table XO. 


TABbl-: X(!. 

eaOf'KH AUK OK TUKKH KOIt eHAHIUNO. OMtww ) 


WcmkI. 

of tiiiwl ' 

fift 

*ii wli it’ll 
c*iii In* rill . 

I*iruK. .. , 

I4CI 

m U i l«l 

Red iiinti 

ISCI 

70 m «o 

Fir. 

mi tm m 

ill 

Lareli 

m to m 

M 

Oak 

tCMI to 2m 

m III m 

Red beecli. ..... 

White beech. 

\ Ito to 1411 

im 

Ehn 

8i 

SCI to m 

Alder 


li l«i to 

Birch. 

’ll! 

30 
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In \vinl.('i’ iiiiK' tlu' wood conkiins 1(\sk moisture tluin in sum- 
iiK'r; winter is tlu'refon' the most favorable time for euttinfi; the 
wood, h'or tlu' ('n'etlon of j)il('s, locations are selected that arc 
proU'cted from wind, and a ground not too dry and not too wet. 
.\ dry ground will brc'ak and crack, allowing too much air to enter 
into tlu' pile. W('t ground generates steam, which, with the 
glowing coal, is deeomposcHl into hydrogen and carbon dioxide. 
In both cast's a loss of coal results. The foundation ground of 
tJx* pil(', which is a little inclined towards the center, is lirst of all 
covt'H'd with a layt'r of (ailm coal. In the center a strong, 
straight post ((H'uter pokt) is driven into the ground (Slavic piles, 
Figs. .‘12 and dh), or thrc'e |K)sts of even length are driven in, 
forming an etpiilatt'ral triangle, the length of the sides being 
al)out 20 cm. Tluist; three [)osts form the center shaft (Italian 
piles, Fig. dl). Logs artt now laid around the center of the 
charcoal kiln (pile), either vortical as in Fig. d4, or horizontal, or 
both ways c.ombined, as shown in Fig. 33. Depending on the 
siz(' of the pile, one, two, or more layers of logs arc put together, 
the upp('r layer always Ixnng less steep than the lower. Small 
logs art! used to fill the spaces tetween the large logs. The 
upper layer is covered with small logs and small pieces of wood, 
for roumling tlu' shape of the pile (peak of the pile). In piles 
with center sliafts the logs arc always vertical, except the dome, 
which (consists of horizontal logs. In these piles the center shaft 
is used for starting the fire, while in piles with a center post a 
(diannel is left open for this purpose on one side of the bottom 
part, <(xtending to the center. Tlie pile is then covered on the 
outside with branch wood, then with leaves and grass (smoke 
eovcir), and at last with earth, sand, and coal culm (earth cover). 
This (!over does not n'atih to the ground (Fig. 32, C, D), but is 
supported by timber. B'or starting the fire some kindling wood 
is i)Ut in on the bottom at the center. 

The firt' is started by inserting glowing coal in the kindling 
wood tlirough the center shaft or through the above-mentioned 
charirud. Tlien the shaft is filled with small pieces of wood and 
c.overtxl. The fire now extends upwards and to the sides; the 
hygroscopic water is evaporated and condenses again on the sur- 
face of the pile (the pile sweats). Then acid gases and later com- 
bustible gawis e8cai)e, and wherever they get mixed with air an 
explosion takes pla(;e, throwing off parts of the cover or parts of 




MIkvSc P1I«. 


IWtanPite. 
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Uk* pih'. Snell to tlu^ pile' has to be ropairi'd instantlj'’. 

'I'liis first piM'iod of eliarrinfi; lasts from 1<S to it hours. 

MmuiwhiU' the e(‘ut('r shaft is Imriied out and pieces of wood 
havi' to be filh'd in afJtain and again until the {leriod of sweating 
is over, d'lu' bottom of thi' j)il(> is now also e.overed, and by mak- 
ing oiienings into the cover (driving the pile) the fire is drawn 
gradually to the lowest parts. The upper openings are closi'd 
as soon lus blue smoke starts to escape, the lower as soon as the 
flame shoots through. 

The “drawing” of tlu' coal is performed by removing the cover 
on one sidc^ and cooling the hot coal with cold water. 

The coal is markeUsl in the following sizes; 

(1) Lump (auil; (2) blai^ksmith coal; (8) small size; (4) culm; 
(5) half-charred wood. 

Aeconling to the size of the pile (120 to 300 cu. in.) the process 
of charring re<|uires from If) to 20 days. 

Probably the largest jiik^ kilns arc operated at Neuberg 
(Styria, Austria). 'Phey are built up to 400 to 430 cu. m. 
capacity, the fiOO cu. m. size having been abandoned on account 
of difficulty of mgulation. Red pine and red beech are charred 
at Neulx'rg in separate pih^s. The following data, gathered from 


thesti plants might bc^ of interest: 

1 cu. m. hard wood half dry weighs 550 kg. 

1 cu. m. soft wood half dry weighs 400 kg. 

1 cu. m. (cord wood) hard wood green weighs 900 kg. 

I cu. m. (cord wood) hanl wood luilf dry weighs 700 kg. 

1 cu. m. (cord wood) hard wood dry weighs 580 kg. 

1 cu. m. (cord wood) soft wood green weighs 800 kg. 

1 cu. m. (cord wo(m1) soft wood half dry weighs 000 kg. 

I cu. rn. (eonl wochI) soft wood dry weighs 400 kg. 

100 lib'rs hard coal weighs 23 kg. 

100 liters soft coal weighs 14 kg. 


The piles have a diameter of 14 m., a height of 4.7 rn., and a 
c.ubic content f)f 400 m. m. of wood. They are built with five 
layers of log wood of 1 m. height. The yield of such a pile is 

Piece coal (large pieces) . . . 2000 hectoliters ) 00 per cent volume 
Piece coal (small pieces) . . 400 hectoliters j of the wood. 


Culm 1 per cent, 

Half-cham»d wood 1 per cent. 
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rviu.i: \t i 

coMI’osiniiN 111’ Kll.v (i\fii;s 



AjijHumtKt’ t»f c uiH 


vviutt* 

vvhitt* 

whiter 

white .... 

fairly tratiHj»iin‘iit . . , 
hluinh niiii trun^imreut . 


IIS 

i \ tuiuiiis' ! 


i ru, ^ t'li IL , X_, 


25 57^ H m : II i:ii 1121 
214 «l 25 III 117 1 5:1 40 | 

- ' - - ' na 40! 

tie (w 

57 31 
88 77 


21 3.11 I fU it m 

33 81 8 (HI 4 H« 

33 3 H h HH 13 83 

33 «H 8(14 14 U 


Tilts tinus nstiuii’t'tl is: 

Erection of pile 1 days. 

Starting fin* I hour, 

Charring process IH 2 K days, 

Removing elmreoal. 4 days. 

In working shifts; 

Erection 4 days per 10 mem 40 shifts, 

Covering with branch wotsl 1 day {S'r 2 men 2 shifts, 

Covering with leaves 2 shifts, 

Covering with earth I day ikt 12 men 12 shifts, 

Charring, average. shifts, 

Removing charcoal 4 tlays |«‘r H men 32 shifts, 

Preiiaring ground 2 shifts. 

Night-watch (average) 2 shifts, 


UKl shifts. 


The temperature of the escaping ®is right Isdow the cover 
was from 230 to 2U0® C. One liter of saim* showisl th«* following 
content of condensable prcsluets (tar, waUir, etc.): 

1. White and oiiac jue 0.987 g. 

2. Himilar to A - I .OtlK g. 

3. Bluish and transparent 0.531 g. 

(^3) Charring in rectangular piles. 
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^rho horiisoiitiHl i)ilos an^ not cAnailar but obloiig, generally 
having a letigUi of from 0.5 m. to 12.5 m. and a width of from 2 
to a m. (hig. 25). d'hey are stirroundcd by [)ost.s which arc 
connected by timlx^rs. The logs are put in i)erpcndicular to the 



35. — I l('ct angular Pi!(‘. 


longitudinal axia of tlie pile. The hollow spaces ai’c filled out 
with braiudi wood. The height in front is about O.li and 
incr(*ases tiowards th(' bae.k part at an angle of from 15 to 20 
(legnxiH. I’lu^ fin^ is startcxl in the front and goes slowly through 
th{^ entire length of the pile. 

(/>) (’harring in thc^ woods with nxiovery of by-products. 

(o) When e.harring in pits a vessel e.overed with a grate is 
|)Ut on the bottom for (;olle(iting the tar. 

(fl) In pile-charring (for n'covoring l)y-produ(ds) iron pii)es 
are put into the (’over, Uiading to a (condensing chamber. 
This is done hours aft(cr starting the fire, as in the 
first period almost nothing but steam escapes. 

Fig. -W) shows a French pile with a channel leading to a tar- 
(collecting v(‘ssel. About 20 per cent of tar is obtained. 

li. Oltarrmj in apparalm with constant volume of the 
charring space. 

(o) Pile-tdiarring. 

((«) The heat necessary for charring is furnished by partly 
burning the wood to be charred (piles with admission of 
air to the interior). 


HKM IM.Icay AMi iril.S 


2()(i 


As nil ('MUiiph' W<‘ will ilf.s<TilK' the ntim<i j»ilf nvcii tkilii), 
Kig. which has aj^ratc nu the Uitliuu fur tlic iMlmissimi nf nir, 
the (luantity of the latter iK'injj: r«‘giiiat«Hi l»y incaiis uf tiic ash- 



door. The wcmkI is charKtsl first thnati'h tlic maitt dtatr, thett 
throufth tlu' iiptM'r ch!irj!:inK-<’htiU*. After sturliiig the fir«' the 
main (U)or is cIohckI with liricks aiui m«>rlar tnul ns sikhi ns steHtn 



Fiti, S 7 , — f-lviiit. 

anti tar Iwgin to tim upper elmr>dng-<*hute is nlsu elomnl, 

HO that tht' (‘Heaping gascks have to gt> timtugh llie pii«‘ simwii at 
one Hide of the cover (tlojne) tf> the etmdeJisiiig vesstds. \Viu*«i 
the oven is suffieietitly heattni, the ash-dtH>r is closed. When 
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charring; is fiiiisli<Ml, Uic ovcti is allowed to cool and the coal 
removed thnnigh the main door. 

((i) (lharring in pilc-oveu with admission of combustion 
gases fi-eci of oxygen to the interior. 

Such an ov('n was built by (irill for the iron works in Dalfors 
(Swcslen), Figs. Its and dO. It is rectangular and provided with 


Stack 




charging openings on both short sides. The gases of combustion 
ris(* from a lin^placH^ below the oven, pass vertically through the 
(-enter of the oven and escape in four direetions through aide- 
Hue.s. The volatile produ(!ts of distillation escape through two 
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chauiK^ls arraiiK*'*! ii> opposite coniers, ami pass t!ir<iu<;h inai- 
pipc's to a iar-collcctiiiK vessel, the stack In-in^ arrauf't*.! above 
this vessel. After getliiis; the fire up, the oven is elost-il tight. 
A charge eoirsists of 172.2(1 <-u. m. of wootl; .'{7. As eu. in. of wood 
are used for healing; fh(> yi(‘l<i is M7..11 cii. m. ehareonl. 'I'Ik' 
wage's peu' eu. in. of ehareoal at this plant are (l.2'> cents. 

The Schwartz ovi'ii is of similar construction. Figs. It) and 1 1. 
It is provideel with two fireplaces in the niiilille of its haigth, and 




with two flues in tlu' luiefdle of the short sides, wlieifliy a more 
uniform heat is obtained. 

iy) Heating by means of sujKndjeaU'tl steam (Fig. 42). 

This process, which was intnalueetl i»y \'i«>lette for the manu* 
faeture of kmI coal (gunpowder coal), yieltls idsmt .’MIJ j»er cent 
of rcKl coal and no lilacik {aial, and Is ther«‘fon* very mm-h »u{M*rior 
to the old process by which 14.18 jK'r cent ohI ct»al aiul I7.HI {a'r 
cent black coal (total jH^rcent) is obtained. Fig. t2 shown 
a longitudinal section. Hteain fmin a Isaler is 1 «hI through a coil 
located in the oven. By the direct fire the sUmin in the coU in 
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suih'i-Iu'jUxmI. "i’lu' (ir(^ gnsc's play around the ndort and CHcapc 
t.hrouf!;h tlu' line'. 'I'lu' .siqx'rlu'aU'd steam from the coil enters 
tlu' sh('('t-iron eyliiKhM' (rc'tort), which is closed in front with a 
wrought.-iron cov('r, and then i)ass(ss into the inner cylinder, 
which is charged with the wood to be charred. Hteam and 




Fro, 43. — Bodtloti tlirough Frmitjh Ov«ri heated freiti the OutMide. 

products of distillation escape through a pipe into the atmos- 
phere or into a suitable condensing apparatus. Opposite the 
entran(!e of steam a bafile-plato is provided for distributing the 
steam. 

{b) Charring by heat supplied from the outside. 



Ilh:xi' ESEHity AM> El'EL 



Klti.H, jl t7. • IMU* Ui'lnti CH'i'll. 
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(luirriiiii; is iH^rloniKKl in roiorts or lurgc (‘ylindrical vessels, 
in Russia, vcnileal sluM^i-iron (*.ylin(l(n*s ar(‘ us('(l, having a ciibie 
(‘cniUnit of al)out H eu. in. : a special fireplace is provided for heat- 




Ha. ~~ Unigliiuicml of ®. Modem Charring Plant with VeH-ical Retorte. 

ing th(‘ V(Tti(*al shell For (|uickly |)r(‘heating the wood to lOO 
de^grec'H, sUaun is admitted at tlu^ bottom of the cylinder'. The 
tar flows through a |)ipe arranged at the bottom, to a collecting 





lOti. m. — CVo«H-Mt»0titm of a Modem Charring Plant with Vertical Retorte. 

Whil(>. the. vapoi-H loave through a pipe on the top, and go 
i.o a eondtMiHing ai)paratu8, from which the condenBed tar passes 
to the above-mentioned collecting vessel. The products of dis- 
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tillation pass through n pijH‘. wlulv tin* riiiiiliiistitilo gaM\N 

are lead bat’k into tlu' fin*. 



Fig. 43 nhowH a V(‘rtleal neeticm ihroiigft a Fnuitdi oven of Hitiii- 


lar type. Vertical, horisscuital and iiicdined ii4-itrta are witli 


ociual HUcceHa for charring wchhL 
At prcHcnt pile ovcuw an* um! 
only for (‘crtain pur{)OH<*H, m, for 
iiiBtaiKte, for charring pine w(mmI, 
where the recovery <4 tla* valualde 
Swedinli tar and j)in«^ oil inort* than 
j)ayH for the lorn of wocMl-aleohol 



Fill, mi, Ifinlwit HiarriiiK Fliiiit 


wild wMitads of liine. 


witli IMwrti*. 


Modem pilo ovoiw an> huilf. of 
Hheot iron for avoiding tiio loi« 
through Imckwork. 

Such a miMlorn pilo-mtijrt ovi*n 
iH nliown in Fig^. 44 to 47. In the 
fireplace the grate e (Fig. 411) and 
the arch dd (Fig. 44) (;an lie «een. 
Through the aroh the fire gaaes p^i 
into the pijiea f, wliile another part 
of the fire gasm goes upwards near 



the arch and enters the pipes, e. All vertical pi|M*« go 
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(.hrough tlio inU'i-ior of Uio pilc-n'tort. Tlu> doors bb an' used 
for diseharghif!;. 

Hiiuilar ovc'tis with horizontal retorts are shown in Figs. 48 
to .'>2. Figs. r)a to r)() show a niodcu-n charring plant with verti- 
cal ix'torts. The n'torts a (^an Ixi lifted out of the furnac-e by a 
craiK' (j, and can Ix' brought to a suitable ])lace for charging or 
discharging. Fig. b? shows an oven wlu're the n'torts remain in 
pcrmaiu'id.ly; tlu'y an' discharged into small cars that c.an bo 
moved right under tlu' retorts. 

To th(^ rotary retort, howenu'r, Ix'longs the future of the char- 
coal industry. 

Th('. incn'ase of the ('.harcoal industry is shown by the following 
figure's, wliiedi relate to this industry in Austria-Hungary: 

About 20 years ago the output of charcoal was about 10,000 
cu. m., ten ye'ars laU'r 120,000 eu. m., and today it is 250-400,000 
(ui. m. per year. 

For th(^ prosixmty of forestry this industry is of the greatest 
importances, as only hereby are we enabled thoroughly to utilize 
wielely elistributexl fe)rest8 (by the utilization of refuse wooel). 



('HAITKH XVI. 

PEAT-COAL, COKE AND BRIQUETTES. 

Tmk (l(‘structiv(‘ di.'itillation (if jiciit, lignite or cnHi yields: 

(1) giusc's, (2) tur, (.■() tar wnliT, uiid ( I) a .^ulid residue verji 
high in carbon, wliich, depending on the raw material used, i: 
called pc'at coal or coke. 

For conveying an id(*a of the process of de.struelive diKtilliition 
we give ladow tobies for the two extnane cjaHe,s tjieat and bitii 
minoius coal). 


17.1)25 gsw 


DhSTHUCTIVK DtHTini-ATION OK Pkat. (H. V'oltl.) 
lOO [larto of peat of a Swiss Isig yielded by destructive dis 
tillation; 

'Ileavv Hvdruearlsiti.s, (’nll,n 
_ .Methan, (’ll, 

1 Hydrogen, 11^ 

.(larlain Monoxide, (!() 
f'l'ar ().S20 sp. g. 

■j Heavy Oil O.K55sp. g. 

I Fjiralfin 

f Anunonia 
Methylamin 
Pieolit) 
butidin 
I Aniliti 


5.375 tor 


25.00 tar wator 


bases 


1 (’itt'Hpidin 

rtX). 


acids < 


14s 


(VH 

Acetic Acid 
Propionic Atid 
Butyric Acid 
Vtderianic Acid 
Phenol 


water 


25.00 peat coal 


S14 
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DKH'ruiKmvio Distillation of Bituminous Coal. 
(li. WaKucr.) 

100 parts |i;as (uial of tlu^. followin^i; (‘.oiuposition: 


^ ' 7(S .0 per cent 

Disposal )1(‘ 4.0 per cent 

N . . . . 1.5 per cent 

0.8 per cent 

Il.»() etu'mic (^oinbiruHl 5.7 per cent 

hygroscopic 5.0 per cent 

Ash 5.0 per cent 


Products of dry distillation: 


100 . 0 per cent. 


1. 70 75 parts of cot 

2. Tar watc^r (atmtiotiia water) (containing 


(carbon (containing and 0, 90-95% 
F(vS„ and (earthy matters, 10- 5% 


(«) Main compoiKcnts (wat('r, (carbonate of ammonia and 
sulpiruhc of ammonia). 

O'?) Additional (com{)()n(cnts ((chloride, cyanide and sulfo- 
cyanide of ammonia). 


5. Tar, (containing: 

{a) I/npiid hydroc-arbons (Benzol, Tolnol, Paeudocumol, 
(lyanol, Propyl, Butyl, et(c.). 

(/?) Solid hy(lro(carl)onH (Naphthalin, Ac-etylnaphthalin, An- 
thra(cen, Ileten, Chrysen, Pyren). 
if) SubstaiKces (containing oxygen (Phenol, Krcsol, Phlorol, 
Rosolic, Acid, Oxyi)henolic Accid, Creosote, Pyridin, Anilin, 
Pic.olin, Lutidin, Collidin, Ijcukolin, Iridolin, Akridin). 

(d) Asphaltic, substances (Anthracen, IleBins, Coal). 


4. Illuminating Gas; 


(a) Illuminants 


'Gases; Acetylen, Ethylen, Propylen, Bu- 
tylen. 

I Vapors : Benzol, Styrol, Naphthalin, 
[ Acetylnaphthalin, Propyl, Butyl. 
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(p) Dilutiiifi parts (Hyiiroficii, Mcthaui'. (’ar!>uii 

{y) Iin|)uriti('s t('arl)()iMiii»xiilf. Aiiintitnin, ( '\ nnnpai. Uho- 
(hui, Suliurt'tti'ii Hyiintficii, SullUrottrtl liyitriK-nrlHuis, 
Uisulphidt' of CnrlMUi, 

Th(' luania'r in which tlic (lislillatinii pruccml.s atnl tii<> 
(lUiUitity and composition of the varitais prodtici.s arc distinctly 
alTcctcd l)y other fa<'toi-s than the cliarncter cif the raw mate- 
rink The most important of these factors is the pisifying 
tempcTaturc'. 

L. T. Wright htis distilU'd at (lilT«*rent temperatures a coal of 
tho following composition: 


C 7d 71 jM‘r cetit, 

IIj «* 27 jM*r cent, 

S 1 . 72 jM*r cent, 

N 1 ,72 |M*r cent. 

0 11 .W {M*r c>>nt, 

Ash 2 ‘.Hf |HT cent, 


ItKJ (Kl jH'f c«*nt. 

The yield of 1(K) kg.of coal at a gtiaifying teni|i<*rBtun‘ of H(X)” ('. 
is given in Table X(T1. 


TABI.K Xfll. 

ANAiA'sis OF nKSTUuerivK niHTn.t.ATit*x jitomaTH 


■ 










V 

lb 

H 


II 

A»lt, ; 



100 Ks:. (MI 









Yli*IdfMl. 







I’lllil 





K«, 





Coko. 

57.38 

1.14 

1 05 

1 IM 

1 

a 

04 »7 


Tar 

§.n 

0.40 

0.05 

o.oi 

O.itI 


■ 7 2n 

6 C! 

Gai water, ... . , 

0.08 

l.Ott 

O.lt 

o.si 

8.30 


*1 7u 

•1 ys 

Gai. ............ 

7 JO 


trac-a 

0.3i 

1 m 


12 2:1 

21 NO 0 

In purifying maas 

0/i2 

0.02 

0J« 

0J» 

0 itt 


1 2U 


Total........ 

71.35 


1 Jl 


It J 

1 

2 tta ' 

i 




I'EAT-COAh, COKE A\'l) HttlQU ETTES 


217 


The yield obUiiiied at a teuijH'.raUire of 1100° C. is given in 
Table XCm. 

TABI.IO XCIII. 

ANALVHIH ok DKKTlUKrn VK DISTILLA'I'ION l'IlODUCT8. 


100 Kk. c\ml 

V lehUnl. 

c 


K 

N 

() 

Ash. 

Total. 

loiters. 



Kk. 



('oka 

f)7 . 95 

0 . 70 

0.77 

0.47 

1.24 

2.97 

64. 10 


Tiir 

4.78i 

0 . 38 

0.06 

0 05 

1 . 18 

6.47 

5.37 

(tfiH wator 

0.08 

1.05 

0. 13 

0.21 

8.30 


9^78 

9^66 

(km 

8.5a 

a . 42 

triKU': 

0.86 

2.30 


15. 11 

31200.0 

In purifying numH 

0.38 

0.04 

0.74 

0.02 

0.93 


2.11 

Total 

71.73^ 

5.61 

1.70 

1.61 

13.96 

2.97 

97.57 




At 800® 0. 

At 1100® C. 

Tharo waH furthar 

Hoot in tar 

16 per cent 

26^30 per cent 

Hpciaifia gravity of gan watar 

Uhnnhuiting powar of gtm at an 
hourly umi of 150 litar« 

1.0 

1.2 

18 candloB 

16.3 candles 

A further comparison shows: 



At 800® 0. 

At 1100® G. 

Coka 

64.75 kR. 

64.16 kg. 

Tiir 

6.43 1. 

5.37 1. 

C'liw watar. 

9.78 1. 

9.961. 

dim 

21.14 cu. m. 

31.20 cu. m. 


With iiuTt'iuiing temperature the gas quantity (volume), the 
HiKHiilic gravity of the tar, and its content of soot, increase, while 
tlut crude naphtha and, esfwcially on light tar oil, content of tar 
considerably dec-rcijise. 

With iiKirtiasing temperature the creosote and anthracen oil 
content decn'ases, while the pitch content increases. The 
sulphur content of the gas other than that in the form of HjS is 
thretj times as great at the high as at the low temperature. The 
ammonia content is small at low temperature, is a maximum at 
medium and decreases with temperature rise at high temperature. 
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Tho course of (listillation is different at the iH*jfinninK and at 
the (‘iid. In the Paris pis plant at a teniperattire of KKKPC. 
there is obtaiii(‘d ; 

Time of distillation, hrs.O I 2 .'t 1 "> (» 

Volume of pis . () 17 .’{() 27 2(1 l» 0 

Ilium, power per 10') 1. .0 1.15 (MHl tUiO tl.lO O.l 0 

(I 0. Millin' divides the time of distillation into two [HTiiMls; 
In the first -- the iK'riod of distillation pro|MT at the com- 
paratively low temperature of .otM)'* (HKP strongly illuminant 
gases, steam and tar an^ pmerati'd while the coal is coked. In 
the second period (bright red glow) the coke, decnnusing in 
volume, yields gases (alKiut one-third of the tota! gas volume) 
which are free of tar and of low illuminating jHaver. 'riu' coke 
remaining at the end of the first jHiriiMl is iirolsihly a mixture of 
very stoble carlMm-eompounds having the average eompo.sition 
CisH^O. This Hulxstanee is further deeomposetl in the second 
period at high temperature. But evi>n at the highest practical 
heat it is impossilile to mmove the traces of oxyp'ii, hydropm 
and ni tropin. 

If large ([uantities of coal are put into highly heati'il nitorts, 
both proct'sses take place simulhuuHuisly. Tlie two, however 
(coal decomposition and cokedecomjMisitiou), could Isisejiaratol 
by using two furnaiuis, one for hejiting tlie materini to <100 degrees 
and removing the tar, the other to deeomjMisi* the coke. Hueh 
a separation might Ixs praetiealile under eerUun eonditions. 
The experiments rniwle by Mueller on a small si-ale eonfinn tlie 
well-known fact that only one-fifth of the nitropm of the coal 
is present in the form of ammonia coinjaiunils; further, that tlie 
ammonia is fonnetl in the first part of the detiotn{KM<itiun of 
coke. The ammonia yield was 


Tiwl. 

In 

III Itiif Htwinl 

No. 1 

Q (m 

II ..ii? 

2 

0 0S9 

0.144 

3 

0 I0» 

i,i4S 

4 

o.ito 

0, 17S 

5 

D 063 

i.ISS 

6 

0 0S6 

i t4t 

Average 

0.078S 

n itsi 
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How tlu‘ (‘ompositioii of tho products ('haiiffos by using dif- 
ferent (lualities of gii.s-c.oal is shown in Table XCIV. 

TABLIO XC’IV. 

OHANOK IN COMI'OSITION OK CHOOlRrrS WITH QUALITY OF COAL. 



Hit utttitioUH Ooul 

frorii 

i»aH 

do 

('alai.s. 

lOliAT- 

land. 

(loin 

tr.) 

CIl- 

Blanzy, 

a 

.2 

H.jO, hyi^iroHcopic . . 


2 

17 

2.70 

3.31 

4 

34 

6 

17 

Anh 


9 

04 

7.06 

7.21 

8 

8 

10 

73 

m 

a 

() 


5 

50 

6.66 

7.71 

10 

10 

11 

70 

a 

Hji... 


5 

06 

5.36 

5.40 

,5 

53 

5 

64 

0 

w* 

C 

^N... 


88 

38 

86.97 

1 

85.89 

1 

83 

37 

81 

66 


(«aH. ........... 


13 

70 

15.08 

15.81 

16 

95 

17 


a.s.S 

'Fur 


3 

90 

4.65 

5.08 

5 

48 

5 

69 


1 Amnitmia wutor. . 


4 

.69 

5.57 

6.80 

8 

.61 

9 

86 


i (’dko. 


71 

.48 

57.63 

64.90 

60 

.88 

58 



' (kml duHt 


6 

.33 

7.07 

7.41 

8 

.08 

9 

36 


[Volume, cu.m 


30, 

.13 

31.01 

30.64 

29, 

,73 

27. 

44 


Illununnting power, 

, Ckircol! 

131c 

1120 

104c 

102, 

■ Ic 

101. 

,8c 

J 

(■(h....r 


1 

47 

1.58 

1.72 

2, 

,79 

3. 

13 

o , 

,(H,) 


6 

68 

7.17 

8.21 

9. 

,86 

11. 

93 


^ * 


54 

21 

62.79 

50.10 

45. 

45 

42. 

26 

s 



34 

37 

34.43 

35.03 

36. 

42 

37. 

14 

IS 

^ ti ^ C * • ■ ' ' 


0. 

79 

0.99 

0.96 

1. 

,04 

0. 

88 


.('dh 


2. 

48 

3.02 

3.98 

4. 

44 

4. 

76 


The influence of the iniiieral substances on the course of dis- 
tillation is remarkable, as is seen from Knoblaucih’s researches. 
He mixed with his coal 2.5, 5, and 10 per cent of lime, and 5 per 
cent silica respectively. The table on following page shows the 
differences of yield with these mixtures (from 1000 kg. of coal). 

We sw that the cjuantity of products of distillation is not 
chan}d»K t)roportion to the (juantity of the addition. The 
gas yield, however, seems to be an exception, as it increases in 
proportion to the addition. The yield in ammonia increases 
very slowly as the lime is added, so that with a certain quantity 
of lime a maximum is reached, above which even a large addition 
of lime has no (iffecd.. There is no relation between silica and 
ammonia and HjS, since no reaction takes place. The small 
differences shown in the above table are caused by variations in 
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tlic of tlio foal. ^incc tli<* .iiiniitity of coko 

incn'jusoK with utlilili.tits more ra]m!ly llmii tho .jitatitity of tar 
(lecrcaHOK, and since at the same linu' ftns .juantity increases the 
carbon content and therefore the ilhiniiiiatin^ (.ower of the 
is necessarily decreased, whi<'h deereaM- is lad sufiieiently 
counterbalancoil by the increiuseil yield of pis. 


TAIU.K Xi'V, 

EFFECT OF ADMIXTnCE C'U«‘ I.IME A\'I» HII.H'A l%‘ IMHI'IFFaHoX FIIOtH-<TH. 



A»U|jU«0 Itf l.itlir 

Atlslliloii 

HHH) Kk. Foitl. 




ttr 

Hlllrii, 


’J t* 



ft 


IVi r«’ttl 

|Vr rrlil 

Piet 1 f’lil 

IVr rrnt, 

(JaH, cm. rn. iiiereiiHi*. , . 

14 7 

2«l 1 

:ifi 3 

21 

('oko, kg. 

III H 

U 2 

17 ft 

27.4 

Tar, kg. daanmMe 

Aunrmnia, kg. iiiarr^nm'. 

5 2 

7 II 

II 0 

Il.li 

Cl 4H:i 

ii mm 

0 II2II 

0, IS 

Sulphate, kg. . 

2 02 

2 fi:i 

:i nn \ 

0 07 

H3S, kg. ... 

1 : 

i m 

t Kl i 

0 21 

IIjjS, (iu. rn., tlacTinw' ....... 

0 \m \ 

1 0,3 

1 10 

0. I3K 

Anunonia 1 iti ptT (uuU i iur rt'ani^ 

2t :i 

211 7 ' 

40 II 

0,7 

IIjjH. .... f of yiolcl ) tiorroiii4o 

f»ll 7 

IWI 2 

Ttl 2 

1 

H U 


For coals of approximately the sami' eomp<».sitioii a.s tin* t«*st- 
coal we can estimate the efTeet of addiiiK 2./> }«‘r cent of lime jis 
follow.s : 

1. The yield of gas is ine«*a.se<l h }H*r eeiil, the illuminating 
power (kicreastHl h jier cent. 

2. The yield of tsoke is 4 jHT cent higher, of which 2..“> {H‘r cent 
is lime, so that the actual inert'asi* of eoke-out|u»t is IJ> {ht cent. 
This increase is not accompanitHl hy an inen'ase in thermal 
value, on account of the higher ash eont<*nt. 

3. The quantity of tar is tlecn'astal 10 jmt cent nn«l its quality 
deteriorated. 

4. The ammonia output is inereasial 20 |K*r cent. 

5. The output is decn'asetl at the rate of l. l js-r KKK) kg. 
coal. 

6. The COj of the crude gas is inen‘as<’<l 10 jier cent. 

7. The formation of cyan is sotnewimt tlecn‘iw««l, but th© 
quantity of ferrocyan is not cliangKl. 
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Tills point., liow('V(‘r, and also tlio. (luostion as to what extent 
the higher sulphur eoutent of the eokc (in the above case about 
0.2 per cent) apjiears as combustible sulphur, have to be further 
considereil. 

W. .liciiiski made experiments with Moravian (Austria) coal 
from Ostrau of fy mines; the composition is given in Table XCV, 
and the yield from destructive distillation is given in Table XCVL 


TABLIi: X(!V. 

COMl'OStTlON OI<' MOIUVIAN COALS. (Jiclasld.) 


Air-drit’d 
(kml from 

c 

Vo 

H 

rfU'.ntajafd 

() 

of 

N 

AnIi. 

Coking? 

Quality. 

Quality. 

Johann . . 

81.74 

5.53 

6. 18 

1.31 

5.24 

Good 

Gas coal 

Adolf. . ... 

81.80 

5.23 

8.31 

1.76 

2.89 

Very good 

Gas coal 

CUinthcr . . 

80.54 

5.09 

7.66 

1.43 

6.27 

Very good 

Coking coal 

FriUDsinka,. 

83.35 

4.66 

6.06 

1.52 

5.37 

Excellent 

Coking coal 

Juliana — 

86.76 

4.06 

3.51 

1.30 

! 

4.73 

Fair 

Anthracite coal 


dontani; 0.50 to 1.05 par cant. P Content: 0.004 to 0.108 per cent. 



TABLE XOVI. 

YIELD FROM DEBTRITOTIVE DISTILTATION OF COALS GIVEN IN TABLE 


XCV. 


Mint'. 

r»(*r 1 Kg. of Coal 
(In. M. of Gan. 

Goke IloHidnurn. 
Per Ckait. 

Johann. 

30.86 

67.00 

Adolf 

30.02 

76.00 

(liinther , , . 

29.96 

75.00 

Fram^iskii. ....... 

28.60 

81.38 

Juliana,... 

27.12 

86.62 


The ammonia output is not in proportion to the nitrogen 
content of the coal. Ammonia seems to separate from some 
coals easier than from others. As an average about 0.75 of the 
total nitrogen of the coal remains in the coke; this is the so-called 
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(‘(ml-nitrof»:(‘n, whirh is <Hily bv th* rMiiipliit* rHiniiiisiion 

of tlu‘ coal. A1 h)UI 0.2a t)f iho total iiilri».uoii tho aniiiHuua 
nitrogen — takes part in tla^ foriuntiou of aHunoiiia. But oven 
from this, one pari (‘scapes as cyan or irw niinigeii, so that 
the (juantity <»f nitrogc'n miunlly available for tin* aiitinonia 
fonnation is only O.IHS to (Mtstt of the ttnal nilrogeiu Hie tabk* 
b(‘low shows thc‘ avai!a!)k‘ <|nantity (»f annitoiiia nitrogen in soiiie 
coals. 

Th(‘ tar from cokt‘ ovens contains g(iii‘nilly 


Ikmzene 

Naphthalene. . 
Anthra(‘en .... 

Pit(‘h 

Other resitluinn 


ll.il I.IMi pi*r cent, 
"l.’JV'-'O.'iT pi*r cent, 
Cloi--0Jrl |a*r cent, 
. . , , , ja‘r eeiib 
. . , , . ‘Ill ja^r eeiiL 


AVAinABLIs Ot'ANTCrV AM.^fO\lA t% ICOALH 


Mtiw. 


KaiHcrntulir 

Pluto Wwtpiullia 

Wilhchnitic 

Johann 

Adolf 

(Hinther ‘Aiwtria 

Fran^inka 

Juliima 

Upper Hilcsia, iivoraga 
FrlcM'lermhoffnting] 

Karl, ("loorg ‘laiwia Hilfi«ia 
und Viktor 

Exigland, aviiragti. 
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TAHLK XdVtII. 

A.NAI,V.SIM OP OOKK OVKN AND tDUTMlNATINCi OAS. 


(’ompOlMMltS. 


vapor. 
Klhylano. . 


Oil,. ..... 

VX) , 

Hu 

(HI, 


Hiun . , 


(bkrs C)v(‘u 

(JllH. 

Per (k'lit. 

From (las 
riouHe 

P(*r Out. 

0.61 

1.54 

1.63 

1.19 

0.43 


1.41 

0.87 

6.49 

5.40 

53.32 

55.00 

36.11 

36.00 

100.00 

100.00 


The exjK^riiueiits relative to the yield of carbonizing (coking) 
p(^at made by Hir Rolnirt Kane and ProfosHor Sullivan have given 
the following renults: 


TABLE X(!IX. 

ANAI.YHIH OP (H)KK OVEN (lAH. 


IVothii'tN Obutliiwl 
by (bklag. 

From an Own at 
.SfinUuK (lObtiitmni). 

2 1 7iJ _14__ 
Ilourn uftrr HturtlriK. 

Avt*r« 

Matliaao 

1.44 

4.17 

10.13 

1.66 

3,91 

9.60 

0.40 

2.19 

13.06 

1.17 

3.42 

10.93 

C'lirhan moaaxida .... 
I'arbbii tlioxitiei. 

Olfvfiiii^ tf iw , . 

nil. 






6.28 

3 . 67 

I.IO 

3.68 

nIl 

M . . . . 

77.98 

81.16 

83.25 

80.80 

ILC). ..................... 

Tar. 





( T) ki' ... ■ ■ - 






aoaiptiiuuitM 





( ’oaibuHt ^iww 












From Alfrt*- 

From 

ton Coal, 

(hiH- 

Distilled 

for til 

(Bunsen). 

doal 



For- 

ward. 

Back- 

ward. 

( Bun- 

w(‘n). 

7.0 

6.6 

6.2 

1.1 

1.6 

6.3 

1.1 

1.1 

2.3 

0.7 

0.5 

1.6 

0.5 

0.2 

0.2 

0.5 

0.4 

1.4 

0.2 

0.2 

0.3 

0.03 



7.5 

12.23 

12.4 

9.7 

ll6.6 

68.92 

67.2 

^65.1 

30.8 

to 32. 

7% 

19.2 

to 22. 3% 


100 jwunda of jasat of different (juality was coked in retorts 
similar to illuminating gas retorts. The volatile matters were 
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Thv analysis of Uu^ iar waior and tar showed for the qualities 
|i;iv(ni in dal>l(' (U. 

Tabl(‘ (U1 giv(\s tlu'- rc^sidts of another series of experiments in 
vvhi<‘h a part of tlie peat was burned by means of a blower. 

TAHiao (UI. 

nOAT DISTILLATION. 


Origin, 

Wat(T. 

Tar. 

AkIi. 

Oast'S. 

Ligld poat from Wood of Allen 

Heavy peat from Wood of Allen .. . 
Upi>er faver of Shannon. 

30.678 

30.663 

29.818 

2.510 

2.395 

2.270 

2.493 

7.226 

2.871 

63.319 

59.716 

65.041 



For furtlu^r (‘.oinparison the figures given in Table GUI, taken 
from botli series of experiments, will be interesting: 

TABLE our. 

PEAT DISTILLATION. 


OriKin. 


Li^ht pmt from Wood of Alien 
Heavy |)(iat from Wood of Allan 
rppa'r layar of Hhannon 


Average. 


Tar Wati'T. 

Tar. 

NH.,. 

Aeetle. 

Acid. 

Alcohol 

CH/) 

l^araf- 

fiu. 

Oil. 

0.322 

0.344 

0.194 

0.179 

0.268 

0.174 

0.158 

0.156 

0.106 

0.169 

0.086 

0.119 

1.220 

0.946 

1.012 

0.287 

0.207 

0.140 

1 0.125 

1.059 


I’hcHO tebU'H alHo }riv(i an idea of the valuable i jroducta obtained 
by (UHtillinK jx^at. Tal)l<> CIV from MuBpratt’B Chemistry gives 
the yields from IriHli peat. 


TAHLK OIV. 


DESTRUOTIVK DISTILLATION OF PEAT. 


Prociucti of D«*«truetivo 

In OlowKl 

With Admisaion 

Dili mat ion . 

VcSHClB. 

of Air. 

Ammonia. 

0.268 

0.287 

or i4nlphat4^ of ammonia 

1.037 

1.110 

Aocrtlc acid ■ 

0.192 

0.207 

or acitfite of limo 

0.280 

0.305 

Wood alcohol 

0.146 

0. 140 

Dili 

1.340 

1.059 

Paraffin — - - ■ ■ 

0.134 

0.125 
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UK AT KXKKUY AM> KllU.S 


T\nUK <*V 

DKSTItrcTIVK IMSTlUariuX til li.Ai 

Tii I ri«ii|»itrt3,\ 

IVr <’rn! 

1 iMici I mm i 

u ;!:jk i I 

: t) 7tK) i 

i» y:i^» ' « 1H5 I 

i 4411 ! : 

! ft HH 

1) 701 , 


The avera^ti (‘onipoHition «»f jH*rf<'ftly dry |H*Ht-ff>nl if< 


(3 75 tfi H.“» jmt (•('lit 

H, 2 to t {MT (’(‘lit 

0 II) tu 15 ja*r font 

Aah 5 ill 10 jK*r cent. 


The per cent ttf aah can Im* aa high nr higher than IH) jier cent. 
Air-tlry peat-coal containa at lesiat 10 |«t cent of hygnwcopic 
water. The aulphur anti phoaphorua content of the aah ia aome- 
timea cotwiderable. 


Vit'Ul in Por (Vni. 


Sulphat(‘ of nitimotiia. 
Acoiic! aeitl .... ■ 

or acot.ato of litnc*. . , 
W(H)(i alcohol 

'Par . ■ ■ - 

Paraffin 

()il8. 


j Kiiia- 

I iiatl 

I Hiilllviiii. 
I iVf ivni 

i 1 UP 

I (I a(i7 

(! atm 

; 0 140 

a aim 

0 tl'S 

1 (1.411 


TAHLK CVI, 


DEaTiincrivK j»iHTii.i..4noN or ckat 

fmm XiniitiftrkI 


l*rtKltict8 of DMitlaHtiii 


('iasai. , 
Vapors, . 

Total . 


II 


i l*wii friait 
S « tiiirtilrtirg, 
; fVoltl'l. 


Water in peat . . 

33,^ 


air «lr%' 

Anh in peat 

%,n 

S 4» 


Coke. 

37.711 

2 % 77 

j :ifi mm 

Ammonia wator. . . . 

30. »i 

SH «a 

1 4tl 0IWIO 

Ammonia in aami^ . . . 

0 32 

0 3.4 

] 


'light oil ...... 

0 435 


0 3IIII 

1 1 7«aa* 


heavy oil. . . 

M03 


1 134 

.1 1 77li 


pararlln matter ..... .. 



i :|ill 

o j 


asphalt. 

. 

s 


2 ^ 1 r#i«3 

Tar 

paraffin ...... 


«S|* 


■«4 j II :iii<i5 


eriosota. ... 




i :i mm 


earbonaeiiwuM reskhium 

1.105 


0 $m 

i 


lOii 

0-304] 

1 

0 CI4 



17.4IMI 


imAn 


it II 


iiiUJi 


li mm 


tin fMMMI 


* 'Hila tar»output i«» ae«in.Wai t*> tia# liigli 

awount of ftomo wtik^r bfilrig 




J 

. fipilwtltly nil 
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I’catr-coal is vc'iy porous and light, has a sj)ecific gravity of 
0.22 (.() ().2S, absorbs dyes and odoriferous substances, and is 
th('r('for(' us('d for rcauoving fusel oil from brandy, as disinfectant, 
and as hudilizim'. 

It is ('asily ignit(Hl and (‘.ontinucs to burn even with very weak 
draught. 'Hu' calorific value varies from 0500 to 7000 cal. 

Brown coal {Iw/nite) coke. lOarthy brown eoal disintegrates in 
the heat and therefore, cannot be (ioked. Of this class of fuels 
lignite! and pitedi eeoal an' almost the only ones that can be used 
for this purpose!, anel lignite', furnishees a e'.e)kc similar to charcoal. 
The ekestrue'.tive elistillatie)n e)f lignite yields 


40 te) 50 per eeent Coke 

12 te) 20 i)er eieent Tar water 

14 te) 35 {)er e'.ent Tar 

12 te) 25 per ('.ent Gases. 


Goke fre)m bituminous eoal is generally dark gray, sometimes 
silver gray, light gray e)r black. The light coke is melted, the 
eiark generally bakeel. 

G()ke-ov(!n coke is generally less elensc than gas-retort coke, 
whie'h explains the aelvantage e)f the former in inetallur^cal 
e)perations anel firing. Acceireling to Muck the specific gravity 
varies freetn 1.2 to l.f). 

In practic'c the strength anel eiompeisitieni of the coke is of 
imi)e)rtane'.e, the former feir blast furnaeies em account of the great 
weight e)f the eiharge', the latter eiii account of eleleterious effects 
e)f e‘(*rtain substaneies. 

Director Jugnet has found the following data relating to 
strength of coke : 

Garve’s oven 70 cm ()().4 kg. per sq. cm. 

Carve’s oven (iO cm 79.72 kg. per sq. cm. 

Carve’s oven 50 cm 92.32 kg. per sq. cm. 

Beehive oven 50 cm 43.92 kg. per sq. cm. 

Bmet oven 50 cm 42.12 kg. per sq. cm. 

Copp6e oven 50 cm 80.50 kg. per sq. cm. 

Relative to the c,omposition, the quantity of sulphur and 
phosphor is of technical importance. 

Coke is hard to ignite, bums with a short, blue flame, and 



ni:.\r eseikiv .i v/< ei i i.s 


i!2« 


r(M|uir('s ii strong ail' dniujilit. Ilu' I’aluritif \ultu‘ is truni 7(HKI 
to 7S()() cal. 

A hair-likc formation, calli'ii <M>k(“-Iiair, is sumcliincs foriiK^d 
on tiu' surfaci' of tlu* coke. 'I'his cokc-Imir is free of ash an<l i.s 
the c.ok('d r('.siduuin of tarry |iroilne|.s of distilliition. 'I’hc 
c.oini)o.sition (dried at IltPC.), accunlirif; to \ . I’latz, is 


(t (t.Vr'iit (ter <'eflt 

llj (t..‘{S t (ter cent 

{) .'{.SS7 (ter cent 


Ash 


t(HMHK) (ter cent 

We will now discu.s.s in a few words (tnwfsl coa!, or briiniette.s. 
In order to utiliK<' the culm coal it ha,s Is'cn atteinjiti'il (with or 
without .suitaihle binding materials) Itt eomhine the .small {)iec(‘s 
into largt-r (tieces called hri«|uettes, nn<l we have; 

Peat ImqtuiteH or jrreHSfd [wnl, which is made and u-seil in lh<' 
vicinity of (x^at d(!i>o.sits. 

Soft coni hriipwtteH, in which tar, (titeh, a.sj»halt, starch, 
moliuMses, clay, gypsum, alum, lime or s»(hd»le glass, etc., is ustsl 
as hind(‘r. The coal dust is mixtsl with the hinder and (mwstHl 
into bricks. They have fmjuently tlie disiuivantage of tlevelojH 
ing smoke of disagnxtahle cslor or containing t<H» much a.sh. 

Charcoal or coke hriqiioiicH an* mmle iti the saitM* way. 

LignUe hriqiuittcH. H(>r« tla* r«*sini»us aiul *itlier organic 
matters of the coal serve as a bimU*r, Tlu^ <s)als are ilri<*d until 
they contain alK)Ut ir> |H*r et'tit of water and an* then j»n*ss(>d hot 
(at lOO(>-ir>(K) atm. (»n*ssun‘). Tin* content of water is neeeasary 
for (jreventing the d«*(*om(H*sition of the orgjinie sul»statu'es. 
Tlu! manufaeturc of such ligniU* is st«*adily in{*n*asiiig in (i(*rmany 
and Austria. In 11K)1 120, (XK) (*arlo>Mis of hric(ui»tt4*s wt*n» sold 
for domestic use in Ilerlin, atid only .'XXX) earloinls of .soft cf>al. 

The cond)ustion of thes<i britjuettes is (S'cnliar, m for a gtsal 
utilization of the fu(«I a V(‘ry weak draught has to lx* usjxl, when*- 
by the lignite is burned very slowly, giving most of its Itcat off 
to the stove. With a Htn)ng draught the brijjuctb's are bunuxl 
((uickly, and tlio largcsst part of the h*mt is lost thnnigh this 
chimney. 

The analysis given in Table CVII is taken fn>m tt«e Zeitselmft 
ties Vertiines deutscher Ingeuieure (1887, pagi* 111). 
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TAIil.K evil. 

COMPOSITION OP LKiNITIO BHIQITKTTEH. 



I 

5 83 

2 

3 

4 

AhU 

.l.-W 

18.67 

24.93 

3215 ( 'al. 



5.93 

21.10 

3159 Cal. 

5.95 

22.46 

16.74? .g 

54.74 

2784 Cal. 

Water. , 

Volat ilc mat (t‘r, .... 
Fi xctl carl am . . . . , , 
C-alorifie value 

10.81 

24.5;t ) », ,,,. 
48.8:i p4..i6 

8208 Ciil. 


I and II nr(‘ f^ood, III and IV inforior briciuettcs. Briquettes 
from Sehallthal (Styria) eontain: 


t ' 4S.21 })er cent, 

Hj 3.99 per cent, 

0 19.92 per cent, 

H 1.35 per cent, 

Hg() (hygroscopic) 15.()3 per cent. 

Ash 10.91 per cent. 

Tlu^rmal valiK^ 4280 cal. 

The analysis of the so-called Clara briciuettes shows: 
Elenufritanj awtlym : 

C 48.72 per cent, 

ilj 5.80 per cent, 

0 and N 22.93 per cent. 

Ash 12.02 per cent, 

H,0 (hygroscopic) 10.93 per cent. 

Intermediate analym : 

HjO (hygroscopic) 10.93 per cent. 

Volatile matters 44.21 per cent. 

Fixed carbon 32.24 per cent. 

Ash 12.62 per cent. 

Calorific value (detennined in calori- 
meter) 4656 cal. 

Effective thermal value (HjO formed 

calculated as steam) 4349 cal. 

Calorific value of the coal free of ash and 
H.0 5688 cal. 



CHAri'IOli XVI r. 







COKING APPARATUS. 


Tiik !ii)panitus for inanufacturitif' cokt* Uimi t«'at-(’(»ul) frotii 
raw fuels can be ehissific'd as follows; 

A. (JokiiiK ill piles. 

(a) The pil(‘s are built with eonl lumps ex<‘lusively and 
eovered with earth. 'I'he pile has a shaft f>|M‘uiug in the 
center and draught link's (Kig. AS). 

(/J) The pile has a brick shaft in tiu' center (Fig. .'>0). 

(p) A channel on the iKittom of the pile ainl a movable pis- 
ton in the shaft scrv(‘s for saving the pnaluets of distilla- 
tion; Dudley's coke pile. 


Flfw. 5H mill Mi. Pllm. 

B. In heaps. 

(a) Analogous to the heaj»a used for charring vv<mh1. 

(P) Heaps tetnpomrily surrtmndwl witli bmitls (like FoU' 




Fias. 04 and 65. — Bea Hive Oven. 


can be partly or entirely closed with bricks, etc., transverse 
the walk and serve for regulating the air adimtted. The pile 
is covered with coke culm (Figs. 60 and 61). The Schaum- 
burger coke ovens belong to this class. 
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HEAT EXEEUr AM> El'EI.S 


I), (\)kin|i; in flnstnl ovmis. 

(a) ()v(nis with adniissitiii of air to llio intnrior, tlin hoiti ftir 
coking Ixnng funiishcci by piirlly burning the coal t4 » Ih:^ 
cokcxl. To this clnss Indong ilic ohltn* roust niriton of 
Jii(\sa (Figs. iV2 and tid), niul tin* hxdiivr ovens iKigs. V4 
and bn). The latttn* arc largely used in Anieriea and 
England, 


p' '' '■ 




['» 11“ i l'' j 

* ilir 1 fe' ; M ! 

i;Jni.iJDl4"JDk 

ta 


.,1^ 


Fiti. (Wl. «»f FriMif'okUtrxmtii Tnkr Ovw. 


y.yjy.y 


I ’ " 







I* tci fl7, Hf'Wilcifi Ilf FmnrtiffNitexnitli ( *iilie f I'vpii, 

The compoHition of tho fr«»m tlims ovi>n« wan ^vt*ji in thi 
last ohapter (Tabte X(!IX). Hinon tlu'so j!;ft.H(*34 eotif ain a lai^ 
amount of eombiiatibki matter at a luKh trmjtpmtno*, thoir util 
ization for boating purfioses was This purjaw' ii 

frequently accomplishftd (in oonnoetion with tfw N‘«*hivo imn> 


til 
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built, (in td|) of ilu' ()V('n. Komo of the otlu'r methods of utilizing 
this iK'ut are: 

(/>) (tokc ovens witliout admission of air to the interior, 
which are lu'ated liy the gases generated during the 
coking proec'ss. The coking is performed in chambers 
of prismatie. form, which are classified as 
((v) Horizontal ovens: 

1. Without condensing plant for the gas. 

2. With condensing plant for the gas. 

(/if) Vertical ovens: 

1. Without condensing plant for the gas. 

2. Witli condensing plant for the gas. 

{y) With inclined axis (system Powel and Dubo- 
chet) has not come into practical use. 



The horizontal ovens are constructed in different styles accord- 
ing to the path of the gas through the furnace. The most im- 
portant types are: 

Fran(?oifl-Rexroth coke oven (Fig. 66 cross-section, Fig. 67 
longitudinal section through chamber). 
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1 lu' gasi's l('av(' iJu' (‘liaiulx'rs at tlic .side's, j)ass lliroug'h two 
horizoidial chaiuu'ls (in thc^ side walls) then through two liorizon- 
lal ehaiiiiels in th(' bottom into the Hue. 

Hmet eoke ovem (Idg. (iS, front view and section; Fig. (59, 
sciction through (diamlx'.rs and channels in the bottom; Figs. 70, 
71, d(d.ails of doors). 

The gases go !us in the previous type^ through horizontal chan- 


. ..nOQ 



Fid. 7H. — (Vikd Oven, Francoin (longitudinal nection). 


nels near onc^ of the side-walls and under the floor of the chamber. 
'I'he gases leave the ehainb('r at the higliest point. 

Francois (xrkc*. oven (Fig. 72, (;roHS-section ; Fig. 73, longitudinal 
se(dion). Tlui gases of distillation leave at the .side, the same as 
in the Frangois-Rexroth system; the gases are carried parallel to 
the wall of the chamber in vertical channels downward, under the 
floor of the chamber (however, in horizontal channels) into the 
flue. 

Hirailar are the systems of Copp6e (Figs. 74, 75, 76, 77, and 78), 
and Dr. Otto. The main difference between these and the 
fonner types is the grcjater height, and length and smaller width 
of the chambers, whereby an increase in the heating surface is 
effected. 

Vertical coke ovens without condensation belong to the oldest 
types (Appolt system, 1854). They have an exceedingly large 
heating surface and were at one time held in high esteem. 
They are, however, very much more expensive to build and 
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<)|)('rat(' tliiUi t.lx' liorizonUil ov('ii.s, ho that they arc only of 
historical intc'rc'st. 

Ill tli(^ (l('H(,nictivc distillation of coal, bcKidcH coke, a number 
of by-products, as tar, f!;as water, etc., arc obtained, the recovery 
of which in many cases is desirable on account of their content of 
vahiabk' substanci's (ammonia, benzol, etc.), notwithstanding the 
loss ol hi'at by cooling and the diicrease in calorific value by 
rmnoval of thi'. products of condensation. 

As the by-product recovery in the. (!oke industry is coining 
inori' and more into usi^, we want to show tlu^ changes in oven 
construction causc'd by tlu' introduction of this proc,csH, taking 
lus an example the bottom-fire oven of Dr. Otto (Figs. 79, 80, 81). 

'I'lu' gasi's puss ui) through two pipes jirovided with valves and 
coniHU'ted to the highest point of every chamber into the receivers 
a, which extemd across the entire battery of ovens, analogous to 
the hydraulic main in a gas plant. In the receiver a part of the 
t.ar is condensiHl, and the gas goes through condensing and puri- 
fying apparatus, from here returning to the ovens. It jiasses 
through gas jiipes b (otui for every two ovens) to the burners of 
tlu' comlmstion chambeis. The air of combustion entera around 
every burner. The comlmstion gases go through the center of 
the combustion ehainbi'r downward, through slots into a side flue, 
(below ('very coking chamber), which conducts to the main flue. 

Ill the mon^ modern ovens the combustion air is preheated in 
ri'gi'iieralors Imfore entering the ovens. 

The coke obtainiHl in siudi an oven is removed real hot and 
cooled with water, for preventing combustion in tlie atmosphere. 

I'or making peat-coal (coke) wc have, besides the above 
ai>paratus, 

A'. Ovens heated exclusively from outside: 

(ft) With a special fireplace (Lottmann’s oven; Crony 
retort oven). 

(h) With superheated steam (Vignoles’ ovesn). 

(f) With combustion gases Crane’s oven, using solid or 
gaseous fuel. 

Finally wo want to say a few words about coking of lignite 
(brown coal) , wliich is carried on mainly in Saxony and Thuringia, 
wla^re coals rich in iiaraffin are mined. Rolle’s plate oven is 
almost exclusively used for this purpose. Such an oven can coke 






240 


HEAT ENERGY AND FUELS 


2500 kg. of lignite in 24 hours, with a coal eonsumption of 25 to 
30 per cent and at a temperature of 800 to 900° C. The yield is 


Tar 10 f)er cent, 

Water 50 p('r cent, 

Coke 32 per etmt. 


The specific gravity of the tar at 35° C. is 0.82-0.95. 

Suggediom for La^nonn. 

hixatninatioM of different artificial solid fut'ls; elenumtary 
analysis, ealorifie value, determination of tlu' ash, sulphur and 
phosphorus content, ash analysis; det(!rinination of specific; 
gravity, strength and fiorosity. 

Yield by destructive distillation of carbonized fuel, gas, tar 
and tar water, also ammonia, acictic, acid, etc. Herein the influ- 
ence of the temperature of distillation, slow or (piick heating, of 
admixtures, etc., has to be studied. 



CIIAPTIOR, XVIII. 


LIQUID FUELS. 


To this chuss hcloiig oil (potrokniui), tar from (Icstructivo dis- 
(ilhitioii of coal ami wood, schist-oil, ami to a small cxU'iit certain 
v('gctal)l(? oils, alcohol, turpentine, henzim', ('tc. 

The rujuid fmds have tlu' advantage of l)urning up without 
residuum. Huch a n'siduum jis r(‘mains of solid fiuds ttiight 
ohstrmd. th(^ grate, cause uneven air supi)ly and im’ompleto com- 
huslion. 

'I'lu' utilization how(!ver, of li(iuid fmTs presents some serious 
difliculties and makes the. construction of well designed and 
carefully tested burners imperative. The. main diffic.ulty is the 
atomization, otherwise carbon is depositc'd, wliich will cause 
stoppages and bloc^k tlu' (low of the li(iuid. 

A general us(‘ of rupiid fuel is j)revented by high cost. IIow- 
('V(>r, under certain local (uaiditions it (^an be used ('conomically. 

'rhe e.xperiinents for introducing alcohol as fu(‘l oji a large scak' 
have so fjir not Ikhui succ<'ssful. 

Table CVIII contains some data relating to the use of licpiid 
fuels. 


TAB no OVIII. 

OOMPOSITION OK WQUU) KirKI.H. 


Kliu! of Fiiol. 

(lcHniK)i!filtion in Pnr cant. 

F-alori fia 
Viilua in 

(J, 

H. 

0. 

Anh. 

Amtiricnri erucla oil 

cmdo oil 

Ilofinod Artu»ri(mn oil 

( .(Kil iiir « . . ...................... 

83.0 

85.0 

85.6 

90.0 

87.0 

86.7 

14.0 
n.5 
1.4.2 

5.0 

13.0 
13.0 

3.0 
3.6 
0.3 

6.0 


11100 

10300 

11046 

8900 

10900 

10806 

8830 

8830 

9620 

Haavy oil from Amaric-an patroleum 
Haavy oil fromCJaucawiim patroleum 
Bahiit oil 

0.3 

Tar oil. 





IlfABa oil. ' 

77.2 

11.7 

11.1 
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Tlic source of oxygen in petroleum is dissolved water; in coal 
tar the oxygen is partly chemically combined, partly from \vat(n-. 


TABLK CIX. 

('OMi’osrrroN on t,Hinit) kuioi.h. 




Calorific 

V'uho* ill 



KkM'ul. iMd* 

Lhiuid Fuel. 

Burnt to 





1 K«. 

1 Mol. 

Bciiiisole 

(X)jj anti HgO litjuid 

9997 

779800 

Hexane 

4< .. ». .. 

11527) 

991200 

Hexane 

“ “ vapor 

10636 

914800 

Heptane 

“ “ litiuid 

t ( n a If 

11375 

M 37500 

Alcohoi 

7054 

324600 

Glycerine 

K fi if 44 

4316 

397100 

Butter 

11 if It 11 

9231 


Animal fat averaj»;e 

1 1 11 It 1 I 

9500 



The residuum of the first distillation of enuU^ oil is sold in 
Russia under the nauve of Masut. When luxated to ir)!) d(>grees 
it generates combustible gases, can lx; igtiited at 2ir» degnies, 
ignites itself at .'lOO degn'es, and its specific gmvity is 0.91. 
The calorific value is 11,000 cal. In practice' 02 kg. Mjisut 
replace 100 kg. good bituminous coal. 10(K) liters of air ani 
luxiossary to l)urn 1 kg. Masut comf)leteIy. 

Table CX shows com[)arative <lata, (Wright) whicdi, however, 
change according to the (‘.onstruction of the; fire-place. 


TABLE CX. 

THERMAL KFKIOIKNtW OK KUKLS. 



(llUcUlttttHi 
BvaiK)nition, 
Tit). KngliMh. 

Actual 
Hva|.)omtlttiu 
14). KnidWi. 

'riicrmal 
Kfficlfwicy, 
i.%r Cfent. 

Nottingham eannel coal 

12.27 

8.78 

71,56 

Gas coal 

14.24 

10.01 

70.30 

Cannel coal 

12.23 

9.91 

81.03 

GaB-house coke 

13,83 

11.16 

80.62 

Tar 

16.00 

12.71 

84.40 

Creosote 

16.78 

i 13.36 

79.56 



CHAPTER XIX. 
GASEOUS FUELS. 


Tuk gasi'oUH fuc'ls hnv(>, like tlio li(ini(l fuels, tlic arlvantagcs 
of burning up without residiuf, of (uusy transportation to the 
place of combustion, and of conveiiient regulation of teinpera- 
tur(^ Furtliermon', the Uaigtli of tlu^ (lame can be varied within 
certain limits, and for c()m{)lete (combustion a (considerably 
smaller ('X(c(‘ss of air is re(iuire(l than with solid and liciuid fuels. 
'I'lie gaH(!ous fu(cls, tlucrefon*, have a higher temi)eraturc of com- 
bustion, and getKcraUc a smaller (juantity of gaseous produc-ts of 
eombustion than other fuels of the same (composition, whereby 
a luctter utilization of tlu' generated lucat (can Ixc sec-urecl. 
Another advantag(c is that in this case not only tlie air for cotn- 
bustion but also the gas can b(c preheatal. 

Huch gaseous fuel occurs in natun' and is tlucn called natural 
gas. Tluc average composition of P(>nnsylvania natural gas is 


Methane 

Mydrog(*n 

Nitrog(cn 

I'ithane 

EthyhuKc 

CarlKin dioxide. . 
CarlKui monoxide 


()7 per (cent, 
22 per cent, 
3 per cent, 
ry p(cr cent, 
1 per cent, 
().() per (cent, 
O.b per (cent. 


As the (Kccurrenee of natural gas is limited, similar gases are 
artificially {crodius'd for industrial ustc by the following methods; 

1. Dry distillation of sulxtances containing carton, as coal, 
lignite, peat, wood, fat, etc., whereby gases of distillation (illu- 
minating gas) anc obtained. Acconling to the raw material used 
the manufactured gas is called coal gas, peat gas, wood gas, fat 
gas, oil gas, ete. 

2. Incomplete combustion of coal with insufficient amount 
of air, whereby generator gas, also (called producer gas or air gas, 
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3. Docoinposition of water (Hteain) l)y f>'lowiiif? coal or com- 
bustion of coal by lacaiis of stc'aiu, whereby waU'r }!;as is obtaiiu'd. 

In special cases other niethods ar<' used for producing!; fiud 
gases, as for instaiua^: 

4. Incoinplek^ combustion of c-oal by simultaiHsms action of 
air and oxides, tlui lath'r th('.r(‘by Ix'ing nsluccd. d'his reaction 
takes place in iron blast furnaci's and furnisla's a gas of high 
fuel value, low in nitrog('.n and high in carlxui monoxide, which 
is (sailed blast-furnacx'. gas. If wat(‘r is us(h1 as oxidi', semi-waU'r 
gas or Dowson gas is obtaiiuxl. 

5. For getting high temperatun's or high luminaut power, 
a(!ctylcnc Cyij is sometimes us('d, whi(4i is obtained by inaction 
of calcium carbide and water: 

GaC, + 2 H,() - Ga (Oil), + 0,11,. 

Wc therefore have the following summary of methods for tlu? 

PuOinK’TION Ot'' FuKL (}.<V8K8. 

1. By dry distillation : 

From c.()al, coal gas. 

From peat, peat gas, 

B'rom wood, wood gas, 

B’rom fat, fat gas, 

B’rom oil residue, oil gas. 

2. By incomplete combustion of coal: 

(а) With air alone, producer gas (air gas). 

(б) With air and oxidevs of metals B'e^Oj, etc., l)last-furnace 
gas. 

(c) Air and steam, Dowson gas. 

{d) Air and carbon dioxide, rc'generated combustion giises. 

3. By decomposing carbides with water: 

Mainly calcium carbide, acetylene. 

Leaving aside the acetylene and the blast-furnace gas, whicdi 
are only of local importance, the following industrial gastjs liav(> 
to be mainly considered : 

(1) Gases of distillation, obtained by dry distillation of car- 
bonaceous substances. 

(a) Illuniinating gas made in retorts. It is used for illum- 
inating, heating and for internal combustion endues. 
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As nil ('xam|)l(', t,lu' compositidn of Froncli illuinuinfcinji; {i;ns 
is given l)(4()W, wiiich is idi'iitienl nil over France: 

VVeiglit of cubic nu'U'r 0.522 kg. 

Tlu'rinnl valiu' of 1 cubic meU'r 5()()() cal. 

Wi'iglit. of 22.42 liU'rs 2 grams. 

Thermal valui' of 2 grams 125 cal. 

Analysis in [ler c('n(, by weight.: 

Carbon, 42.2 |H‘r c('n(., 

Hydrogen, 21.2 per ccait., 

Oxygi'ti and nitrogi'ii, 25.5 per cent. 

Analysis in per cent by volume: 

51.0 per cent llj 

22.0 [ler cent ClI^ 

8.8 [ler cent (X) 

1.8 [ler cent (X), 

1.0 per cent Oj t N, 

1.1 per cent ('bIIb 

2.2 per cent alisorbalile OnHjn 

100.0 

(5) (lases of ilistillation, produced as liy-jiroduct in the 
coking or charring of fuels, mainly coke-oven gas. 

(2) (kuK'rator gas, air gjis, or producer gas is jiroperly the 
name of such gas only, which is made from carbon (charcoal or 
coke) ; i.e., from a coal fme from hydrogen and oxygen, and using 
dry air for the incompletti combustion. In practice, however, 
wo comprise under the chissification “generator gas” any gas 
generated in certain apparatus (gas producers) by leading air 
without stream through a glowing layer of fuel of sufficient height. 
The air never Ixiing dry, we get in practice always a mixture of 
generator gas and water gas, and also gases of distillation if 
crude, uncoked fuel is used. 

(2) Water gas is used for illuminating and fuel purjioses. 

(4) Hemi-water gas or Dowson gas is used for fuel and power 
purpo«», and is prepared by leading a mixture of air and steam 
through a coal layer in a producer. 



OHAPTl'ni XX. 


PRODUCER GAS. 


If air is led at moderate speed throuf>]i a layc'r of pure earboti 
(in practice charcoal or coke), incomplete c.omhustion tak(\s places; 
i.e. by the reaction of oxygen on the glowing (‘.oal, formation of 
carbon monoxide occurs : 

C + == 00. 

Supposing the air to contain 4 mols nitrogen to 1. mol o.xygc'ii, 
which is probably correct, we can writer the reaction : 

C + JO, + 2N, -C0 + 2N,, 

and we get a gas which theoretically contains 2 mols N, to 1 mol 
CO, and should have the composition : 

CO 33 . 3 per cent by volume. 

N ()().7 per cent by volumes. 


This gas ought to yield per 22.42 liters if burtuid at constant vol- 
ume 0.333 X 67.9 = 22.61 cal. If burned at constant pnissure 
22.61 + 0.5 X 0.54 = 22.88 cal. The thermal value of the sariu^ 
at constant pressure would be per cubic meter 1020.5 cal. 

The thermal value of 1 gram of gas is calculated jus follows; 
According to the equation the gas has for eveiy gram atom of 
carbon 


12 grams carbon J „„ , . , 

® f 28 grams carbon nionoxide, 

16 grams oxygen ) ^ 

grams nitrogen. 

Sum 84 grams. 


As 84 grams of gas contain 3 mols (CO + 2 N,), 22.42 liters of 
the same at 0° C. and 700 mm. are equal to 28 grams, and there- 
fore 1 gram of gas generates 817 cal. 

nPhiS hnwAVAr Aul'ir aIa aa «»+. vAmr „ 


I'h'oniu't'.u fr'.i.s' 


At l()\v('i- l<‘iu|i(‘ralnr('s a s(‘('.(in<l reaction oe(uirs sitiuit- 
;sly, and tlu‘ ('xtcnt to which it o(!<'ur.s iiicrcascxs witli 
■(iu>>: ti'iniH'raturc. 'I’his n'actioii is 

(' i <), (X),, 

hi' air is used iiisti'ad of oxyjfcri, 

(' t i), I 1 N, (’(), I- 4 Nj, 

:'a these two reactions l.hi're (>xists a certain ('({iiilihrium 
■ry temperature and pri'ssuri'. If vvi' sulitract the iMiuation 

(! ( (), (X), 

2(5 h (), ’2 00, 

2 00 (X), t- (1, 

niaction actually takes [ilact^ at fairly high tiuuporaturos, 
itermines the proportion of the two first reactions. It is 
ihle; 

2 (X) (X), 4- C. 

,s, while pun> (X) within certain temperatures is decom- 
inUi (.X)j and (-, we find that under similar conditions 00 is 
•ed by r«>ductioti of (X)j by means of 0. Therefore, there 
neces.sarily an enuilibrium Ixitween 00, 00, and 0, which 
Is on the temperature and concentration (gas jiressure). 
o out of two volumes (X) only one volume (X), is formed, 
nee the reaction, actionllng to our eciuation (from left to 
taktss place without dtHiataso of volume, it is clear that an 
w of pressure facilitotiw the formation of CO„ while a 
se of pressuns favors the formation of (X). Thercjforc!, the 
?y air (wind) in a gas producer should Ixi of low pressure if 
ligh in (X) is dosircHl, 

influence of torntxsrature on thcs eiiuilibrium is shown by 
.lance of the reaction heats: 

C + 0, - CO, + 97,600 cal. 

2 (C f O) - 2 (X) 4- 57,800 cal. 

2 Cb" « ( X t C f 39,800 cal. 


